


perception and attitude towards the birds. According to Shimba and Jonah, (2017), the birds
were first spotted in Dodoma Region in 2017, hence obtaining data from the area would compare
well with long-term introduction and interactions between the two species (Homo sapiens and

C. splendens) in the two regions.

Figure 1. The Study area including sampling wards
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Geographical Locations of the Study Areas

Tanga Region is situated in the north-eastern
part of Tanzania between Latitude 4°and 6°
south ofthe Equatorand Longitude 37°-39°10’
East of Greenwich (Figure 1). Itis characterized
with high humidity with binomial rainfall,
which falls between April and May (long rain)
and between October and November (short
rain). The mean annual rainfall is 1100 mm-
1400 mm, which favours Acacia mangium
and Enterolobiu mcyclocarpum typically used
for firewood and charcoal. More vegetations
include Brachystegia speciformis, Microphylla
spp, Combretum angolensis, Dombeya
rotundifolia, Dalbegia melanoxylon, Sterculia
spp, and Julbernadia spp. Others are
Bridelia micantha, Commiphora africana,
Commiphora eminii, Flacourtia indica,
Juniperu sprocera, Milicia excelsa, Ocotea
usambarensis, Rauvolfia caffra (Hines &

Eckman, 1993).

Dodoma is the capital city of the United
Republic of Tanzania (URT) (Figure 1). The
region lies between Latitudes 6.00° and
6.30°South and Longitude 35.30°and 36.02°
East (Statistical Abstract, 2011). The region
is characterized by a long dry season with
a single wet season lasting from December
to March with an average rainfall of 570
mm (Dejene, Yanda & Johnsen, 1997). The
area is dominated by deciduous xerophytic
grasses, herbs and shrubs the common shrub
in the area is mainly Dichrostachys cinerea.
Common trees include different species of
Acacia such as Acacia tortilis, A. seyal, A.
nilotica, A. mellifera, and other species like
Adansonia digitata, Comiphora species,
Brachystegia speciformis and Euphorbia
candelabra (Dejene et al., 1997).

Research design

The study employed a cross-sectional study
design where the outcome and exposures
from participants were measured by an
investigator (Setia, 2016). This design allows
the collection of data from a population,
which takes place at a single point in time
that also requires a short time. It is cheap and
requires few resources to conduct the study
(Hemed, 2015).

Population and sampling
Target population

The targeted population of this study were
adults aged 18 years and above living in the
two selected regions.

Sampling design

This study based on both probability and non-
probability sampling. The two regions (Tanga
and Dodoma) were purposively selected
while the wards streets and households were
selected using simple random sampling.

Sampling units

The sampling units were selected randomly
from the sampling frames constructed. One
of the sampling frames was constructed
using the ward list obtained from the districts
under the study in a give region. The list
consisted of the arranged name of wards
based on alphabetical order. The random
number generated from a calculator (CASIO
fx-100 MS) was used to assign each ward a
number, the generation of random numbers
suggested which ward to pick (i.e. when the
first random number read 0009, we took the
last two digits, for this case it would be 09
which is then 9™ ward along the list). In case
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the number read 0077 while the list had only 40 names of wards, the number picked was the
average of the last two digits (i.e. 7+7/2 = 7). The procedure was repeated until the number of
wards required was attained. A similar procedure was maintained for streets within the selected
wards.

Sample size

The sample size (n) was 5% of the total number of households (N) in each of the study wards
as modified from Nyahongo et al., (2009). A household is defined as family members living and
eating from a common pot or a person who lives alone and provides for his or her essentials
alone. It can be made of more than one house or part of it or it can be whole.

Sample size distribution

The sample size was distributed proportionally in each ward depending on the population of a
given ward (At least 5% of the total households in a given ward were picked) (Table 1).

Table 1: Distribution of the Respondents Interviewed per Ward in the two Regions

Region Wards Total no. of h/hold Total no. of respondents
Tanga Chumbageni 1867 117
Usagara 1427 85
Mwanzange 899 54
Majengo 475 76
Ngamianikati 589 72
Dodoma lyumbu 711 57
Ntyuka 892 65
Msalato 820 41
Ng’hong’hona 740 37
Total 12081 604

Source: WEO of respective ward in 2021

Data collection techniques

Different methods and techniques were adopted to triangulate information. This was
accompanied by different data collection tools such as questionnaires, Focused Group Discussion
(FGD) and physical observations.

Quantitative data collection

A questionnaire survey was used in this study to collect quantitative data which included
both open and closed questions and collected information on the effects caused by the
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birds. The researcher and the research
assistants administered questionnaires to
the respondents directly. Each respondent
was required to answer all questions. In case
the respondent failed to answer all questions
from the questionnaires, his/her incomplete
guestionnaire form was discarded, hence not
included in the subsequent analysis. During
the interview, no member of the family was
allowed to assist in answering questions.
However, the development of coping
behaviour and the way the local people were
reacting to C. splendens was identified during
Participatory Rapid Appraisal (PRA) which
involved participant’s direct observation,
group discussions, and secondary data that

were obtained from other sources.

Qualitative data collection

This focused on the attitudes and perceptions
of the community on the C. splendens. FGD
was used to obtain the data whereby a list of
questions in the form of checklist was used. In
each ward, a small group of about 6-8 people
were identified based on the experience and
expertise of the individuals. The questions
were posed to the group for discussion.
The researcher recorded the issues raised
by the participants. The group considered
gender. Youth and female participants were
encouraged to participate in the discussion in
a group including men. The male dominance
was discouraged by posing a question directly
to either a female participant or a young
person in the group. FGD was done twice at

different places within the chosen wards.

Participants’ observation

When in the study area, the researcher
observed and recorded the birds’ activities
within the area. This kind of information
was recorded as incidental because there
was no generalized probability of their
occurrence. The information was then used
in general discussion. Moreover, participants
from the communities under the study
were encouraged to report any interesting
information through their insights into the
field of the birds’ interesting impact to the
communities.

Data analysis

Quantitative datawere enteredintoa personal
computer. All statistics were performed using
SPSS(25"versionforwindow).Theinformation
from the structured questionnaire was
coded and analysed using quantitative such
as Mann-Whitney Tests (for comparing the
information gathered from the two regions).
For qualitative data such as interviews,
observation and FGD we used qualitative
data analysis techniques, specifically contents
analysis, after summarizing and coding
the information gathered. Non-parametric
tests were used because most of the
variables were ordinals, hence not normally
distributed. For descriptive data, the findings
were summarized as a percentage or as Mean
+ Standard Error of Mean (SEM). All results
were summarized in Tables and Figures. For
all comparisons, p < 0.05 were considered
significant. However, when p = 0.0001 or less
than the figure provided, which implies highly
significant, the representation was set as p <
0.001.
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RESULTS

Social demographic characteristics of the respondents in Tanga and Dodoma regions

Demographic characteristics of the respondents in the two regions included age categories, sex,
marital status, level of education, household size and employment status are summarized in
Table 2. When the household size were split in two regions and compared, the results revealed
significant differences between the two areas (Mann-Whitney test; U = 27074.500, p < 0.001).

Table 2: Socio-demographic Characteristics of the Respondents Interviewed in Tanga and
Dodoma Regions (n = 604).

Variables Classification Tanga (n=404) Dodoma (n=200)

% %

Age 18-30 24.6 56
31-40 26.9 16

41-50 23.1 11.5

51-60 12.7 8.5

61-70 8.5 6.5

71-80 3.7 1.5

>80 0.5 0.0

Sex Male 34.2 39
Female 65.8 61

Marital status Married 67.1 76
Unmarried 32.9 24
Education Informal 6.9 8
Primary 62.4 60

Secondary 26.2 26
Tertiary 4.5 6

Household Size 1-6 70.2 89
7-13 26.7 11
14-20 2.9 0
>20 0.2 0

Employment Status Employed 7.2 8.5

Unemployed 92.8 91.5

Perception of local communities towards the C. splendens in the two regions

Perception as adapted and applied in the current study is the way in which C. splendens presence
to the environment is regarded, understood, or interpreted by communities in the two regions
using only their senses. Positive perception means the respondents had no or little negative
experience with the birds and for negative perception means the opposite.
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Overall, respondents who had negative
perceptions towards the birds were 61.1%
(n =604). Those with positive perceptions
were only 6.6% (n = 604). The remaining
32.2% were neutral. Considering gender in
perceptions, overall, 61.9% (n = 388) of all
female respondents in Tanga and Dodoma
regions had negative perceptions. However,
good number of female respondents (31.4%,
n = 388) were neutral while only 6.7% were
positive. Male respondents from the two
regions who had negative perceptions were
59.7% (n = 216), those who were neutral were
33.8% while those with positive perceptions

were only 6.5%. The overall analysis revealed
that the perception of female and male
respondents towards the birds in the two
regions were similar (Mann-Whitney test; U
= 40996.500; P > 0.05) (Table 3). When male
and female respondents opinion’s concerning
the benefit of birds to both environment and
community, were compared, only 14.2% (n =
388) of female respondents claimed the bird
to be beneficial while 29.6% (n = 216) males
claimed the same. The two groups’ opinions
on the issue differed significantly (p < 0.001,
Table 3).

Table 3. Gender influence on perceptions of the local people in Tanga and Dodoma regions on

C. splendens

Variables Classification Tanga and Dodoma Tanga and P-values
(Female)(n=388) Dodoma (Male)
% (n=216) %
Perception Dislike 61.9 59.7 0.595
Indifferent 31.4 33.8 0.545
Like 6.7 6.5 0925
Opinion Beneficial 14.2 29.6 <0.001
Indifferent 20.9 15.7 0.119
Not beneficial 64.9 54.6 0.013

When the perceptions of male and female
respondents in each region were compared
separately, the results revealed similar
perceptions (Tanga: Mann-Whitney Test; U
= 17766, P > 0.05; Dodoma: Mann- Whitney
Test, U =4423 P > 0.05).

Attitude of local people towards the C.
splendens in the two regions

Attitude, as adapted to this study is the way
in which a respondent from both Tanga and
Dodoma regions views and evaluates C.

splendens either positively or negatively
based on their own experience. Overall,
61.1% (n = 604), of all respondents in both
regions, disliked the bird while 32.3%,
neither liked nor disliked the bird, i.e., they
were indifferent. In contrast, only 6.6% of all
respondents claimed to like the birds.

When the study areas were separated into
two regions, the respondents from Tanga
Region who had negative attitude towards
birds were 77.0% (n = 404) compared to
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28.5% (n = 200) with the same attitude
from Dodoma Region. Those respondents
from Tanga Region who had neutral attitude
towards the birds were 18.1% against 61.5%
from Dodoma Region. Furthermore, the
respondents from Tanga Region who had
positive attitude towards the birds were
only 6.6% compared to 10.0% from Dodoma
Region. In general, the attitude of the
respondents from Tanga Region was more
negative towards the birds than those from

Dodoma respondents (Mann-Whitney Test;
U =22399.000, P < 0.001). Surprisingly, those
who did not have any opinion regarding the
bird in Tanga Region were only 18.1% while
in Dodoma Region they were 61.0%. Analysis
suggests that the respondents in Tanga had
experienced the presence of the birds many
years back compared to the respondents
from Dodoma Region (Mann- Whitney Test;
U =1771.000, P < 0.001) (Table 3).

Table 4. Attitude of Local People towards the C. Splendens in Tanga and Dodoma regions

Variables Classification Tanga Dodoma P-values
(n=404) % (n=200) %

Dislike 77 28.5

Attitude Indifferent 18.1 61.5 <0.001
Like 5 10

Benefits No benefit 90.30 94 0.134

for positive Ecological benefits 0.20 1 0.174

attitude Attractive 0.02 1 0.174
Clean environment 0.04 1 0.368
Tourism 0.20 1 0.053
Eat ticks on cows’ skin 0 1.5 0.436
Money 0.2 0 0.842
Eat harmful organisms (snakes,
bats and insects) ! 0 0.655

Effects for Attack crops 0.6 1.3 0.373

negative Thief (i.e., steal food, money, 49.2 16.6

attitude clothes etc.) <0.001
Unhygienic 335 3.1 <0.001
Attack people 5.8 0 <0.001
Attack livestock 6.4 8.2 0.414
Annoying 2.3 13 0.405
Cause electric shock 1.3 0 0.105
No effect 11.9 69.1 <0.001
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Duration of interactions between Corvus
splendens and communities in the two
regions

Respondents from Tanga Region unlike
those from Dodoma have interacted with C.
splendensforalmostseven (7) decades (Figure
2). In Tanga Region, the cases of presence of
expanding populations of the bird increased
slowly between 1954 and 2013. From 2013,
the cases of such interactions in the region
has been increasing at an increasing rate,
suggesting a high population number of birds
in the area probably due to the successful
colonization of the new habitat and lack of
natural predators. In Dodoma Region, the
no any bird was observed between 1954
and 2017 (Figure 2). The first report of the
presence of birds in Dodoma region was
registered in 2017. Following these facts,
communities in Tanga Region would have
more experience with the bird species than

the communities in Dodoma Region.
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Figure 2. Years of interactions between Corvus
splendens and communities in the two regions

Focused Group Discussion

Focus Group Discussion was useful in
detailed
about the impact of the bird species to

gathering  more information
communities in the two regions. In each

of the FGD, the groups were split based on

sex in order to allow each sex category to
express their personal view concerning the
impact of these birds following the method
applied by Nyahongo et al.,(2009). During
the discussion, one female respondent from
Chumbageni Street, in Tanga Region, claimed
that the birds were used by witch doctors
to steal women’s underwear most of whom
were men. She claimed further that when a
witch doctor received the victim’s underwear
he would use it to make a medicine allowing
him to get into the victim’s room at night
to rape her. This is what is mythically
known in Swahili as “popo-bawa.” Another
female respondent from the same region
claimed that she had hung her underwear
in the toilet located outside her house. She
explained further that when she went in the
toilet to take her underwear, she did not find
it but later saw it hung on the doorpost of
her neighbour who she had quarrelled with
the previous day. In this case, she believed
that the bird had been sent by her enemy
to take her pants for superstitious activities.
Unfortunately, the rival did not assent to be
interviewed. When asked if she collected her
pants back from the doorpost of her rival,
she declined by saying:

“How could you go and pick the
pants from your rival’s house? It
was obvious that she had consulted
a witch doctor to make my husband
divorce me because she (the
rival) was always jealous of our
successful marriage”.

Men were also interviewed in their groups.
When asked about the impact of birds to
communities, a man from Msalato explained
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how he lost his money inside his house. The
money was taken by the bird. He explained:

“We are only two people in my
house;, my wife and I. | am a
businessman who buys cattle and
slaughter them each Saturdays at
Msalato Market. | remember one
morning; | counted six hundred
thousand shillings (about USD
252) and placed the money on the
table in the living room. | went in
bathroom located just outside my
house to take shower. My wife was
busy outside the house preparing
breakfast for me. After taking
shower, | came back to the living
room to collect my money but did
not find the money. My money was
stolen; the only capital | had. In
the beginning, | believed that my
wife was the thief who took the
money. | asked her but she declined
to take the money. | bit my wife
to return my money but she could
not bring the money back. While
still holding my wife to punish her
more, this bird you asked me about
(Corvus splendens) got into the
living room through the window
and picked another 10,000 note
that had separated from the rest.
From there | knew that the bird was
responsible for the total amount
missing, and had regretted to
punish my wife.”

In one group of female, a positive perception
was registered. One respondent from Tanga
had a positive perception towards the birds
because one day the bird dropped a gold

necklace that was probably picked by the bird
from another household. To her, the bird was
considered a gift giver and hence the “god of

glft",
She said:

“I like the bird because one day
when | was out going to buy meat
at the nearby butcher, | saw a bird
dropping something in front of
me and | hesitated to collect it in
the first place because before that
day | used to think that the bird is
always carrying dirty and rotten
things. But when | was close to the
dropped object, | saw small purse
and | picked and opened it just to
find a gold necklace! | considered
myself lucky that morning and
realized that the god of gift lured
me for the best walk that morning.”

DISCUSSION

The findings that are reported in this section
were obtained directly from the interviewed
respondents. Thus, their perceptions and
attitudes towards the birds may base on their
interactions with the bird species over a long
period. Communities in Tanga Region had
been interacting with the birds for a longer
time compared to communities in Dodoma
Region (Figure 2) because the location of
the region is close to Zanzibar Island where
the birds were firstly introduced in the late
1880s. Thus, when the birds crossed the
ocean to mainland, it was easy to colonize
coastal regions before expanding to other
places. Hence, chances are there that long
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term experience has shaped both perceptions
and attitudes of communities towards the
birds. Accordingly, it is not surprising for
communities in Tanga Region to hold more
negative perception and attitude toward
the birds than the communities in Dodoma
Region.

The general feeding behavior of C. splendens
makes it easier for its presence in the
environment to be noticed by communities.
The birds are known to be aggressive and
hence chase other birds from the source of
food and water, causing electric shock when
stop on live electric wires, contaminating
water, annoying communities and polluting
water sources (Cooper, 1996). They have
been reported to attack and feed on chicks
and eggs of other birds. Thus, become lethal
to conservation of biodiversity (Csurhes,
2010, Chongomwa, 2011 ).

Despite the fact that the two regions did
not differ
towards the birds, few respondents showed

significantly on perceptions
positive perception regarding the benefit
they obtained from the birds (Table 4). One
respondent claimed to pick a gold necklace
drop by the birds, for livestock keepers, they
claimed the useful of the birds in picking ticks
from the cattle hence reducing the cost of
spraying acaricide to kill ticks from body of
livestock. When the money was stolen from
the businessman at Msalato, it is obvious that
the bird, after realizing that the money was
not edible, would have dropped that bunch of
money somewhere and picked by somebody
else. Later would be happy with the bird and
hence having positive perception and attitude
towards the bird.
consider birds as alarm watches to wake

In Tanga communities

them up early in the morning as they are
always gregarious and become noisy early in
the morning. Some respondents claimed that
the birds are responsible for cleanliness of the
environment through feeding on household
leftovers and carrions. Similar observation is
reported elsewhere (Krdél & Hernik, 2020).

When the variation

interviewed

explaining among

individuals on the social
impact of the birds to communities, some
respondents claimed that the birds were used
by witch doctor for superstitious issues. One
female respondent sadly discussed about the
underwear picked from her toiletand dropped
to her rival’'s doorpost. Since the birds were
relatively new to their environment, and
because they had not evolved with these
introduced birds, individual people like this
respondent, may not understand the natural
or artificial behaviour of these birds. Likewise,
the introduced species in the environment
also may not find their natural types of food
and hence may just pick anything similar to
what they consider as their natural food by its
appearance and colour, just to find that they
are picking the wrong things. Hence, without
awareness education to the communities like
this, on the general behaviour of these birds,
such communities will always accuse the bird
species of being used by witch doctors to steal
things for witchcraft ends. This observation is
reported elsewhere (Krél & Hernik, 2020) that
house crows were believed to be symbolic,
threatening and being used in rituals.

In most cases, such kind of interactions that
pose negative or positive perceptions and
attitudes towards C. splendens might be
exaggerated or under-exaggerated. This is
especially when the birds had caused multiple
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problems like stealing food and materials
from the households, attacking and killing
livestock and destroying crops, contaminating
water sources and dropping rotten materials
in the house as reported by respondents in
the two regions. Similar observations have
been reported elsewhere regarding the
above findings (Ntuli et al., 2019).

CONCLUSION

The current study found that local people
from both regions of Dodoma and Tanga do
not like C. splendens because the birds cause
problem directly to the communities and
to the environment. Only few respondents
reported some benefits of the birds to
communities especially to livestock keepers
and cleanliness of environment. The study
revealed that the birds affect more female
than males due to the fact that females
engage more in household cooking activities
which attract C. splendens. Some members
of communities hold strong belief that the
birds are used by witchdoctors to harm
other members of communities. This belief
is evolving due to lack of awareness on
bird’s behaviour. Finally, the perceptions
and attitudes of the respondents towards
the bird in the two study areas were shaped
by the duration the respondents had been
interacting with the birds (spatial-temporal
variations).

RECOMMENDATIONS

The study recommends the followings:
i. It is recommended that sustainable
and ecologically suitable C. splendens
population control measures such as

the application of biological procedures
be sought.

ii. Education to communities and public
awareness about the socio-ecological
impact of the bird species should be
conducted in affected areas.

iii. It should be included in primary
and secondary schools curricula

the identification

management of invasive species.

techniques and

iv. There should be a strict policy
developed to control and manage the

introduced invasive species such as C.

Splendens.
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ABSTRACT

This paper went a long way to show how industrialization, inclusive green growth, and shared
prosperity could be sustained in Tanzania without compromising biodiversity. The big question
in this regard is whether the kind of industrial policy agenda that Tanzania has pursued over the
last two decades is associated with “inclusive green growth” and ‘shared prosperity’. The main
objective of this paper sought to shed light on the extent to which industrialization, inclusive
green growth, and shared prosperity could be sustained in Tanzania without compromising
biodiversity. Specifically, the paper sought to first, examine how industrial policy takes on board
issues of inclusive green growth and shared prosperity; and secondly assess the extent to which
Tanzania’s industrialization addresses issues related to biodiversity and the environment in a
way that is holistically and sustainable. The methodology that was employed by this study was
a documentary review of various documents that address issues of industrialization, inclusive
green growth, and shared prosperity. In particular, a review of publications by the World Bank
occupied a central place. Key results emanating from this study point out that the industrial
policy framework agenda neither did it address ‘inclusive green growth’ nor ‘shared prosperity’.
The industrial policy framework agenda addresses economic growth concerns at the expense of
green growth concerns that acknowledge the role of natural capital growth and its important
role in the welfare of future generations. Conclusively, to attain a win-win scenario without
compromising biodiversity and the environment at large, the industrial policy framework agenda
will have to be reviewed with a view to mainstreaming ‘inclusive green growth’ and ‘shared
prosperity’.

Keywords: Biodiversity, Environment, Industrialization, Inclusive Green Growth, Shared
Prosperity.
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INTRODUCTION

Industrialization is marked by the
establishment and implementation of a
Sustainable Industrial Development policy
with the goal of having an industrial sector
that is geared toward human development
and job creation, economic transformation
for achieving sustainable economic growth,
environmental sustainability, and equitable
development. Industrialization has been
the main policy agenda for Tanzania and
is considered indispensable for realizing
Tanzania’s ambition to become an upper-
middle-income economy (Martorano et al.,

2017).

The concept of ‘inclusive green growth’
should be understood against the background
of the current non-green and non-inclusive
growth of the world economy. Climate
change, ecosystem degradation and resource
depletion are threatening the basis of life
(IPCC, 2014). Despite the fact that the growth
of the world economy has greatly enhanced
prosperity and reduced poverty, inequality
has risen and the number of people hungry
has stayed largely the same (UNEP, 2011).
Although the discussion is ongoing on how
long the depletion of our natural environment
can continue without major economic
consequences, itis clear that at a certain point
in time climate change, ecosystem collapses,
depleted resource stocks, or a combination
thereof, will backfire at humanity with
enormous social and economic costs (Ostry
et al., 2014), making the welfare risks of non-
green and non-inclusive growth increasingly
high. The concept of ‘inclusive green growth’
acknowledges the trade-offs between growth,
green, and inclusiveness, but stresses that in

the overarching objective of social welfare,
there is room for synergies. Production
growth that is environmentally and socially
sustainable enhances the welfare most, as
environmental degradation and increasing
inequality reduce welfare (Economist, 2014).
From a welfare-economics perspective,
‘inclusive green growth’ is nothing more
than growth that improves the welfare of
both current and future generations and that
acknowledges the social costs and benefits
(including environmental costs) of growth
and its distributional implications in both the
short and the long run (IPCC, 2014, Jetske and
Ezra, 2015). To this effect, the core meaning
of the concept of ‘inclusive green growth’ can
be simply stated as economic growth (growth
of gross domestic product or GDP) which also
achieves significant environmental protection
and takes on board all major sectors of the
economy that employ a large spectrum of the

active working population.

The main difference between ‘growth’ and
‘green growth’ is that the latter acknowledges
the role of natural capital in growth and
its important role in the welfare of future
generations. As has been noted earlier,
capital stocks are crucial for growth and
development, and, in order for development
to be sustainable, current generations should
make sure that capital stocks are at least
maintained (Dercon, 2012).

Natural capital forms part of the capital stock
of a country, so degradation of ecosystems,
deforestation, and resource depletion reduce
the welfare of future generations if resource
rents are not reinvested in alternative capital
stocks. When resource rents are reinvested
in alternative capital stocks (e.g. human
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capital or other assets) future generations
could inherit a similar amount of capital,
and sustainable development would still be
ensured. This is called weak sustainability.
Strong sustainability requires that future
generations not only inherit a similar
amount but also that this capital is of similar
composition (Neumayer, 2003). This may
concern natural capital that is only partly
substitutable and sometimes irreplaceable.
Dercon (2012) assesses the substitutability
of natural capital by concluding that
most services provided by natural capital
currently are non-substitutable, and if any
substitution exists, it is at a very high cost.
Although this could change in the future
(e.g. a breakthrough innovation that replaces
soil formation processes), a precautionary
approach may be warranted to safeguard at
least a minimum level of natural capital for

future generations.

It is important to acknowledge that many
of the poorest countries do not reinvest
their resource rents and that the over-
exploitation of natural capital is often
undertaken with foreign direct investments
(mining, lumbering, plantations, fossil fuel
extraction, and agro-industry) that are
facilitated through bilateral, multilateral,
and international trade and investment
policies (Dercon, 2012). Furthermore, a
precautionary approach involves economic
opportunity costs, which are especially high
for less developed countries, as they tend
to have relatively large stocks of natural
capital compared to other forms of capital.
These opportunity costs need to be taken
into account when discussing the protection

of global environmental resources, such as
biodiversity and carbon stocks (Sen, 1997,
Dercon, 2012).

To this end, the main objective of this paper
sought to shed light on the extent to which
industrialization, inclusive green growth,
and shared prosperity could be sustained in
Tanzania without compromising biodiversity.
Specifically, the paper sought to first, examine
how industrial policy takes on board issues of
inclusive green growth and shared prosperity;
and secondly assess the extent to which
Tanzania’s industrialization addresses issues
related to biodiversity and the environment
in a way that is holistically and sustainable.

MATERIAL AND METHODS

The study employed a documentary review
of various documents that address issues on
industrialization, inclusive green growth and
shared prosperity. In particular, a review of
publications on Tanzania’s industrialization
and industrial policy enriched materials
for this paper. Furthermore, materials for
inclusive green growth and shared prosperity
were also reviewed for the enrichment
of this paper. Most of the materials on
inclusive green growth and shared prosperity
emanated from the publications of the
World Bank. Furthermore, publications on
biodiversity not only for Tanzanian but also
for the global world were equally reviewed. A
review of Tanzania’s Industrial Development
occupied a central place, and in particular,
Policy 2025 and
Industrial Development in Tanzania by Msami

Integrated Industrial
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and Wangwe (2016) provided substantial
information for this study.

Materials from all those publications
were descriptively analyzed with a view to
shedding light on how Tanzania can attain
industrialization, inclusive green growth, and
shared prosperity without compromising
biodiversity. Essentially, if industrialization,
inclusive green growth, and shared prosperity
without

are  sustained compromising

biodiversity, a green light for future

generations to enjoy the same is guaranteed.

RESULTS AND DISCUSSION

Industrialization

Tanzania lags behind regional role models
both in terms of the quantity and quality of
industrial goods produced and exported.
It continues to rely heavily on the ‘less
unproductive’  agricultural sector, the
extractive sector, and ‘low’ value-added
manufacturing. Manufacturing value added
is also highly concentrated in a few low-tech
sectors, such as food and beverages, hides
and skins, and textiles processing industries,
making Tanzania’s industry vulnerable
to international competition. Food and
beverages alone account for nearly half of the
total manufacturing value added, followed by
non-metallic mineral products (11 percent),
tobacco (7 percent), and textiles (5 percent).
Industrial activity is largely concentrated in
Dar es Salaam and coastal regions-more than
half of all large manufacturing (Mwang’onda
2018). With respect to industrial policy, the
government of Tanzania recognized the
leading role the industrial sector would play

in the transformation of Tanzania’s economy

since the first decade of independence. Over
the years, efforts were made to liberalize
the economy and change the system
from a centrally planned economy to a
free market economy, encouraging more
active participation of the private sector to
accelerate growth and increase the nation’s
prosperity. In this setting and considering the
high dependence on post-colonial Tanzania’s
economy on the agricultural sector,
policymakers emphasized the need to build
a competitive industrial sector to transform
the economy. Since independence, industrial
policies have continued to be formulated,
as highlighted hereunder, to address the
challenges that arise to this very day (URT

2012 and UNIDO 2012):

e 1960-1980: Following independence, the
government invested heavily in Tanzania’s
manufacturing sector, which was virtually
non-existent at the time, allowing the
sector to grow smoothly throughout the
first decade of independence. However,
this trend changed dramatically due to a
serious economic crisis caused by external
shocks and internal constraints during the
late 1970s.

e 1980 — 1995: Sweeping and wholesale
trade liberalization, a key ingredient
of structural adjustment packages,

had a negative impact on the incipient

manufacturing sector. Infant industries
were particularly affected by the sudden
removal of protective trade measures and
subsequent massive import flow. Industrial
stagnation was further exacerbated by
declining agricultural yields and poor
product quality. To address the crisis, the

government adopted restrictive measures,
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butit wasonlyin 1986, after the conversion
of the economic system from a planned to
a free market economy, that the country
returned to the path of recovery. While
Tanzania’s manufacturing sector showed
positive signs of revitalization, it faced
international competition (mainly from
Asian products), which caused several
industries to close down.

1996 — 2000: During the second half of the
1990s, the government developed ‘The
Sustainable Industrial Development Policy
(SIDP) 1996-2020°, the main purpose
being to shift the economy’s engine of
growth from the public to the private
sector, making the latter the key player
in spearheading industrial growth and
the economy as a whole. The idea in the
short run was to consolidate the existing
national capabilities in the sector and
to build up new capacities in activities
with competitive advantages for export
markets in the medium term. This phase
was characterized by animproved enabling
environment, including the provision of
fiscal incentives, transparency, a stable
and simple regulatory framework, and
macroeconomic stability. As a result, the
industrial sector started to grow steadily
and achieved a high growth rate that was
commendable in the 2000s.

From 2000 - to date: Since 2000, consistent
economic reforms have transformed
Tanzania’s manufacturing sector. It got on
the track of recovery and has experienced
gradual but steady growth due to the
acquisition of productive facilities by the

private sector and the inflow of foreign
direct investment. However, the country
continues to be dependent on agricultural
and resource-based products with limited
value addition. The relevance of the
industrial sector has been reflected in
many key government policy documents
and initiatives of the last decade. Some
of these main policy initiatives and
development strategies include:

Tanzania Development Vision (TDV)
2025: The vision document marks a
significant milestone in the era of reform
of Tanzania and lays the foundations for
the country’s new policy framework.
TDV explicitly “aims to transform the
nation from a least developed country to
a middle-income country by 2025 through
the transformation from a weather and
market dependent agricultural economy
to a self-sustaining semi-industrialized
economy”. This shift in focus from
an ‘agricultural economy’ to a ‘semi-
industrialized’ one was essential for the
ailing industrial sector of Tanzania. Yet,
the failure to put in place a framework for
the implementation of TDV 2025 at the
inception stage represented the biggest
impediment to the attainment of the TDV
goals.

National Trade Policy 2003: The trade
policy was drafted by the Ministry of
Industry and Trade and strictly followed
the principles stated in the TDV by focusing
on private sector-led export growth. The
National Trade Policy 2003 emphasized
‘stimulation and encouragement of value
addition’ as one of its chief objectives.
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v Smalland Medium Enterprise Development

Policy 2003: This policy
acknowledged the special role of SMEs in

specifically

the context of Tanzanian industrialization.
It aimed at addressing the constraints to
industrialization and to tapping the full
potential of Tanzania’s SME sector. The
policy impact on SME performance, but
many constraints existed in the recent past
despite the efforts made by the current
Government in its industrialization drive.

Tanzania Mini-Tiger Plan 2020: This plan
was introduced in 2005 as an effort to fast-
track the implementation of TDV 2025,
by replicating the Asian Tiger’s models
in Tanzania. The plan explicitly states
that ‘the successful development of the
manufacturing sector is the formula that
all economically thriving Asian countries
followed and it is not an exaggeration to
say that the sector’s success holds the key
to the nation’s further development’. The
most important contribution of the Mini-
Tiger Plan was the introduction of Special
Economic Zones in Tanzania (SEZs) and the
plan’s focus on export-led manufacturing
the Mini-Tiger
Plan failed to attract subsequent attention

growth. Unfortunately,

with the donor community’s shift in
focus toward the implementation of the
National Strategy for Growth and Poverty
Reduction (NSGRP).

Export Processing Zones Program: The
program was initiated by the Export
Processing Zones Act of 2002, but
was formally institutionalized by the
creation of the Export Processing Zones
Authority (EPZA) in 2006. The objective

of establishing EPZs was, among others,

v

the promotion of investment for export-
led industrialization, an increase in
foreign exchange earnings, an increase
in employment, and the promotion of
the processing of local raw materials.
funds for the

development of infrastructure for EPZ/

However, insufficient
SEZ remain the main constraint for this
program.v’" Long-Term Perspective Plan
(2011/12-2025/26) (LTPP): The LTPP is the
roadmap for the development of three
Five Year Development Plans (FYDPs)
for the realization of the TDV 2025. The
plan is not only restricted to the broad
economic transformation of the country
but also spells out a detailed industrial
transformation path for the country.
This clear focus of the LTPP will place
industrialization at a central place in
Tanzania’s future growth agenda.

Integrated Industrial Development
Strategy 2025 (1IDS 2025): This is the latest
initiative by the Ministry of Industry to
provide concrete strategies to implement
the Sustainable Industrial Development
Program (SIDP) objectives in the new
economic environment and contributes
to the achievement of the goals stipulated
in the Tanzania
(TDV) 2025. Since most of the industrial
development strategies proposed in the

Development Vision

IIDS touch on multisectoral issues, it is
crucial to establish close collaboration
and harmonization with other central and
sectoral economic authorities, parties and
national planning agencies. The strategy
highlights the horizontal, vertical, and
supporting framework required to create
and position a competitive industrial
sector based primarily on labor-intensive
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industries. The targeted sub-sectors
specified in the IIDS 2025 are fertilizer and
chemicals, iron and steel, textiles, agro-
processing, edible oil, processed cashew
nuts, processed fruits, milk and milk
products, leather and leather products,
light machinery, and the hospitality
industry. The IIDS 2025 also mentions the
necessary policy measures to boost the
industrial sector and contribute to the

structural change of the economy.

Did Industrial Policies initiated since
Independence Address Biodiversity
Conservation, Inclusive Green Growth, and

Shared Prosperity?

Green growth concerns the welfare of
future generations, whereas ‘inclusive green
growth’ is concerned with the welfare of
current generations as well as an equitable
distribution of welfare gains. It is important
to note that there is a difference between
equity and equality. Equity refers to initial
conditions--all people are equal under the
law--while equality refers to outcomes--
everybody should earn the same. In the
current neoliberal market ideology, the
focus is mostly on equity, with equality being
regarded as a political aim.

Green growth is not automatically inclusive
and inclusive growth is not always green, and
it is important to acknowledge that tensions
between green growth and inclusiveness
exist. The welfare of future generations
may require limits to growth for the current
generation, but without additional measures,
this could especiallyimpact the poor. Similarly,
growth and inclusiveness do not necessarily
go together, as distributional fairness often

conflicts with efficient resource use. This has
to be considered--synergies between green
growth and inclusiveness may not be possible
and additional efforts are needed to balance
trade-offs (Dercon 2012).

With respect to shared prosperity as
spearheaded by the World Bank refers to
an increase in per capita real household
income or consumption of the bottom 40
percent of a country’s population. Since the
goal is country-specific, there is no explicit
target set at the global level (World Bank
2014). The tracking of shared prosperity can
reinforce poverty reduction efforts in low and
lower-middle-income countries by bringing
attention to those people not covered by
social inclusion policies but who might

otherwise be left behind.

Against this background thereof, it is evident
that all industrial policies that Tanzania
pursued since independence paid very
little attention to green growth, inclusive
growth, shared prosperity, and biodiversity
conservation. For instance, in the early
1960s, the

focused on growth with no attention to

national economic agenda
green growth, biodiversity conservation,
and shared prosperity. Nevertheless, green
growth, biodiversity conservation, and shared
prosperity were not issues of concern during
the early times of independence not only for

Tanzania but also for the rest of the world.

The coming into force of the Economic

Recovery Program in 1986 ushered in a
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transformation of the economy from one
being entirely state-owned to one that
involved private ownership of the production
process. This saw the establishment of

Industrial
(TIRDO)

conducting industrial research and offering

the Tanzania Development

Organization which aimed at
consultancy services to industries (Msami
and Wangwe, 2016). Again, TIRDO did not
address issues of green growth, biodiversity
conservation, and shared prosperity although
consequences of not conserving biodiversity

were already eminent.

At this juncture, it should be noted that
concepts of green growth and shared
prosperity are new for Tanzania. The green
economy has emerged recently and has
manifested itself in advocating for a holistic
and programmatic approach among the
three pillars of sustainable development,
namely, economy, social welfare, and the
2020).

Tanzania has no national definition on the

environment (Bilame Currently,
meaning of the terms “Green economy” and
Green growth”. However, different national
policies have elements that promote a
green economy. Such elements include
but are not limited to the promotion of
renewable energies (solar, hydropower,
wind, geothermal, biogas), use of energy-
efficient appliances and equipment, efficient
mass transit systems, cleaner production
initiatives, fuel switching to natural gas and
other alternative energy sources, promotion

of energy-efficient cooking stoves and

promotion of mini-hydro and co-generation

projects (Bilame 2020).

To this end, it is vivid that all the main
industrial policy initiatives and development
strategies that Tanzania pursued since
independence up to the early 2000s did
not pay attention to issues of green growth,
inclusive growth, shared prosperity, and
biodiversity conservation just for one reason
that they were not priorities for the nation by

that time.

DISCUSSION

Tanzania Industrialization: A Win-Win
Scenario for Biodiversity, Inclusive Green
Growth and Shared Prosperity

Tanzania’s Long Term Perspective Plan (LTPP)
is an important vehicle for implementing
the Tanzania Development Vision 2025,
which emphasizes Tanzania’s cherished
goal of becoming a prosperous nation by
attaining high economic growth through
industrialization and thereby eradicating
poverty (URT 2012,
Development Report, 2017, Bilame 2017).
Thus, the Tanzania’s Long Term Perspective

Tanzania Human

Plan seeks to achieve economic growth that
will enable Tanzania attain a Higher Middle-
Income Country (MIC) status by 20252,

The path to realizing TDV 2025 targets is to
be facilitated by opportunity-based planning
implemented through a series of three
Five-Year Development Plans, building on
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each other and making use of Tanzania’s
opportunities and addressing the challenges.
The socio-economic transformation s
planned to be addressed through three
strategic Five Year Development Plans
(FYDPs) (URT 2012) the First FYDP (2010-
2015): Unleashing the Growth Potential;
the Second FYDP (2016/17-2021/22):
Nurturing an Industrial Economy; and the
Third FYDP (2021/22-2025/26): Realizing
Competitiveness and Industrialization for
Human Development. The linkages between
the three plans are crucial, with a view to
attaining an Upper Middle-Income Country
status. It should be noted at this juncture
that in 2015, the Second Five Year National
Development Plan with the theme Nurturing
an Industrial Economy was reviewed in line
with the Government’s decision to integrate
the plan with the National Strategy for Growth
and Reduction of Poverty (NSGRP)-in Swahili
acronym as MKUKUTA. This move included
issues of poverty reduction and improved
living conditions which were key issues for
MKUKUTA. This led to the revision of the
theme of the Second Year Five Development
Plan to be Nurturing Industrialization for
and  Human

Economic  Transformation

Development.

As of now, Tanzania is implementing the
third FYDP (2021/22-2025/26) with a
broad-based strategic plan for Realizing
Competitiveness and Industrialization for
Human Development. However, both the first
and second Five Year Development Plans are
almost silent on ‘inclusive green growth’; the
emphasis in both documents is on the socio-
economic transformation of the Tanzania
economy that is spear-headed by a vibrant
industrial sector. In fact, issues of inclusiveness

of green economic growth along with sharing
prosperity emanating from such inclusive
economic growth are not at all addressed by
the documents. The main objective of the
current third FYDP (2021/22-2025/26) with
the broad-based strategic plan on Realizing
Competitiveness and Industrialization for
Human Development is to contribute to the
realization of the National Development
Vision 2025 goals. Unlike the two previous
Five-Year Development Plans that paid little
attention to issues of environmental and
natural resource management, the third
Five Year Plan does take on board issues
natural

of environmental and resource

management. Key interventions and
performance indicators and targets for natural
resources and environmental protection are
clearly spelled out. The interventions, just to

mention a few are (URT 2021):

e Promote renewable green energy

technologies;

e Enhance environmentally sound
management of land resources for

socio-economic development;

e Minimize environmental pollution and
the resultant adverse effects on the

environment and human health; and

e Strength the national capacity for
addressing climate change impacts.

To this end, the third Five Year Plan has to a
large extent addressed issues of biodiversity
conservation because it tresses issues
on natural resources and environmental
protection. Nevertheless, issues on inclusive
green economic growth and shared prosperity

are not featured in the third Five Year
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Development Plan. The question of concern
is what if socioeconomic transformation is
achieved at an expense of non-inclusive green
growth and non-shared prosperity?

Exploring the answer to this question implies
nothing more than growth that does not
improve the welfare of both current and
future generations. An economic growth
that does not acknowledge the social costs
and benefits of growth and its distributional
implications in both the short and the long
run cannot attain inclusive green growth and
shared prosperity. In the course of reviewing
the current Five-Year Plan, it would be of
paramount importance to mainstream issues
of inclusive greening growth and shared
prosperity.

Shared Properity: What are the issues of
concern?

The broad focus of the shared prosperity goal
is in keeping with the call for development
goals that go beyond access to or ownership
of material goods. Sen (1983, 1999)-a key
proponent--has called for income to be
viewed not as the sole end to development
but rather as a gauge of what a person is
able to do (capability) and manages to do
(functioning). This broader perspective of
development has been influential in the
literature on broad-based growth and has led
first to efforts to measure the non-income
dimensions of development and then to
work on inclusive growth that examines how
growth trickles down to the poor. That work,
in turn, has led, through the introduction

of multidimensionality, to the notion of

“inclusive development.”

On the other hand, equity is a fundamental
building block of shared prosperity. The
World Bank Group’s institutional objective
of promoting shared prosperity targets the
bottom 40 percent of the population as an
anonymous group irrespective of the identity
of its members (World Bank, 2014). This
strong focus on the less privileged places
equity at the very heart of the goal and the
indicator of shared prosperity.

Underpinned by equity, the shared
prosperity concept is intricately related to
the inequality of opportunity. The World
Bank (2013b) highlights that even though
the shared prosperity indicator is focused
on outcomes, the requirement to pursue
shared prosperity in a socially sustainable
fashion tie the concept to the promotion of
equality of opportunity. This focus is also
present in modern theories of social equity,
which, like Rawls’s, build on Harsanyi’s (1955)
“veil of ignorance argument”: an equitable
resource allocation should reflect what all
prospective members of society would agree
on before they knew which position they
would occupy in that society. Accordingly,
while modern theories of equity remain
concerned that individuals be spared from
extreme deprivation in outcomes, they
emphasize the importance of ensuring equal
opportunities for individuals to pursue a life
of their choosing. The outcome of a person’s
life, in its many dimensions, should reflect
efforts and talents, and not predetermined
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circumstances—such as family origins, race,
gender, or place of birth—or the social group
a person is born into.

To this end, considering the number of
programs, plans, strategies, and initiatives
that focus on industrialization that have been
introduced by the Government since 2000,
one thing becomes quite clear: over the last
two decades, industrialization has received
more attention in the national development
agenda than ever before. However, what
matters far more than the ‘priority status’ of
industrializationin policy documentsis priority
resource allocation and timely, consistent,
policy
Unfortunately, the Tanzanian industrial policy

and effective implementation.
implementation is found wanting in several
of these crucial factors, although some of
the successes in industrial performance can
certainly be directly attributed to some of the
government’s policy interventions described
liberalization

above. For instance, the

agenda the government has diligently
followed since the 1990s has paved the way
for major investments in several resource-
based sectors. At the same time, whether by
intent or accident, a number of middle-cadre
technical colleges were turned into university
colleges or fully fledged universities, denying
the country a critical mass that is the core
of industrial growth. Clearly promulgated
policies result in a zero-sum game if at the
time of their promulgation practice is moving
in the opposite direction. There is, therefore,
considerable room for efficiency gains
through policy intervention in the industrial

sector.

Atthisjuncture,oneisinapositiontocomment
as to whether the kind of industrial policy

agenda that Tanzania has pursued over the
last two decades is associated with “inclusive
green growth” and with ‘shared prosperity’
with preserving biodiversity. From the earlier
discussion in this paper, ‘inclusive green
growth’ has been pointed out to be nothing
more than growth that improves the welfare
of both current and future generations; that
acknowledges the social costs and benefits
(including environmental costs) of growth
and its distributional implications in both the
short and the long run (IPCC 2014, Jetske and
Ezra, 2015). Furthermore, the core meaning
of the concept of ‘inclusive green growth’
can be simply stated as economic growth
(GDP growth) that also achieves significant
environmental protection and takes on board
all major sectors of the economy that employ
a large spectrum of the active working
population.

Shared prosperity, as hasalsobeen highlighted
in this paper, recognizes the pursuit of well-
being among the most vulnerable in society
(Narayan et al. 2013). Thus, shared prosperity
requires well-being to be shared across
individuals over time. This multidimensional
aspect of the goal points to the need for a
focus not solely on income, but also on non-
income dimensions of prosperity such as
education, health, nutrition, and access to
water and essential infrastructure, as well as
on enhancing the voice and participation of
all segments of society in the economic, social
and, political spheres (World Bank 2013b).

From the onset of the industrial policy
framework agenda, one can easily and vividly
comment that the policy neither addressed
‘inclusive ‘shared

green growth’ nor

prosperity’. The industrial policy framework

234



agenda addresses economic growth concerns
and not even green growth concern that
acknowledges the role of natural capital
growth and its important role in the welfare
of future generations. Neither also did the
industrial policy framework agenda address
conservation of biodiversity concerns. As
has been discussed earlier in the preceded
sections, issues on green growth, inclusive
green growth, and shared prosperity are
current topical issues that are spearheaded
by the World Bank and developed nations
and are indeed called for by each country.
That effect, it was the right time for Tanzania
to mainstream issues of green growth,
inclusive green growth, and shared prosperity
in all policy documents and any development
endeavors projects, and programs.

CONCLUSION

Based on the discussion that has preceded,
various policy documents that include
but are not limited to the Third Five Year
Development Plan (2021/22-2025/2026) and
the Long Term Perspective Plan for2011/2012
- 2025/2026 will have to be reviewed with
a view to mainstreaming ‘inclusive green
growth’ and ‘shared prosperity. It is vivid
that industrial policies that were formulated
and implemented since independence paid
very little attention to issues of biodiversity
conservation, green growth, inclusive green
growth, and shared prosperity. As pointed out
earlier, issues on biodiversity conservation,
green growth, inclusive green growth, and
shared prosperity are recent topical issues
and from the time of independence, all
along to the 2000s were not critical issues
of concern except for biodiversity issues

that started to emerge as critical during the
early 1990s. Green growth, inclusive green
growth, and shared prosperity are recent
topical issues that are being spearheaded
by the World Bank; but since they are meant
to bring about the welfare of people in each
country if they are put in place; then they
should be mainstreamed in different policies
of each and every country in this world. Since
Tanzania is not an isolated island, she should
mainstream issues of green growth, inclusive
green growth, and shared prosperity in
all her policies with a view to attaining
sustainable development-a development
that takes care of not only the benefits of the
current generations but also the benefits of

the future generations.
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ABSTRACT

Coronavirus-caused COVID-19 has various effects worldwide. The purpose of this research is to
analyse the socio-economic effects of Covid-19 on local communities adjacent to the Burunge
Wildlife Management Area (WMA). A questionnaire survey, group discussion, and key informant
consultation were conducted on a total of 102 respondents, of whom 55.9% (n=57) were male and
44.1% (n=45) were female. The socio-economic practices of the respondents included traditional
and handcrafted product businesses (10.8%, n=11), agriculture (29.4%, n=30), livestock keeping
(13.7%, n=14) and other small-to-medium enterprises (SMEs), including restaurants and shops
(19.6%, n=20). Among the respondents, 93.1% (n=95) agreed that the occurrence of COVID-19
affected their socio-economic activities. Among the effects pointed out by respondents were losing
jobs (10.8%, n=11), a massive decline in the number of customers (96.1%, n=98) and deflation
resulting in low revenue (96.1%, n=98). Across the study villages, alternative activities offered
and implemented by local communities during COVID-19 included agriculture (27.5%, n=28),
fishing (11.8%, n=12) and handcraft (4.9%, n=5). It is important to provide local communities with
alternative sources of income that are environmentally, economically, and socially sustainable,
such as beekeeping, agro-production, and fish farming.

Keywords: Alternative income, Burunge WMA, COVID-19, Local communities, Socio-economic
effects.

INTRODUCTION in Wuhan, China (Neupane, 2020). On March
11, 2020, the World Health Organization
December 2019, when the first case of (WHO) officially declared COVID-19 a global
coronavirus disease (COVID-19) caused pandemic (Neupane, 2020). The COVID-19

by Severe Acute Respiratory Syndrome pandemic had a wide range of effects

Coronavirus 2 (SARS-CoV-2) was announced worldwide. Individual economies were

The globe was plunged into darkness in
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aggravated by the enforcement of lockdowns,
travel bans, and social isolation, while the
economics of afflicted countries suffered
substantially more than at any time in the
preceding visible years (AUC, 2020; World
Bank, 2020). According to the FAO (2020),
the socio-economic sector has been severely
impacted by COVID-19. Agricultural activities,
education, health, small-to-large enterprises,
and other divisions in this paradigm became
stuck during the COVID-19 crisis, to the point
where their normal operations and setups
were severely disrupted.

The tourism sector is no exception to the
adverse consequences of the COVID-19
pandemic (AUC, 2020; UNWTO, 2020). Many
protected areas experienced numerous
problems in achieving their stated objectives,
particularly during the period when social
isolation, lock-down, and travel restrictions
were imposed by various countries
throughout the world (AUC, 2020). The loss of
around 300 to 450 billion US dollars in 2020
compared to 2019 worldwide, as reported
by the World Tourism Organization, roughly
depicted the magnitude of the effects of the
COVID-19 pandemic on the tourism sector
(UNWTO, 2020). The COVID-19 pandemic
has put the existence of protected areas in
jeopardy. According to Bennett et al. (2020)
and McGinlay et al. (2020), illicit activities such
as poaching and illegal logging (deforestation)
have increased dramatically within and
around protected areas (Hockings et al.,,
2020). Furthermore, many protected areas
were also exposed to farmland expansion and
encroachment for cattle feeding, which may
have resulted in unfavourable land cover and

pattern alterations for wildlife (IUCN, 2020).

COVID-19 had negative impacts on Wildlife
Management Areas (WMAs) in Tanzania,
as it has on other types of protected areas
(Shoo et al., 2021). For instance, the Burunge
WMA authority (JUHIBU) reported that, the
COVID-19 pandemic has resulted inanincome
drop of approximately TZS 1,362,537,656 in
2019/2020 to TZS 476,740,689.00 in 2020/21
(USD  587,680.67-205,624.62).
of their reliance on tourism activities, the

Because

consequences were felt not only on their
management, but also on the livelihoods
of nearby local residents (Shoo et al., 2021;
Spenceley et al., 2021). Local communities in
the area were involved in a variety of social
and economic activities that relied heavily on
the respective Wildlife Management Areas
(WMA) for a living. Soon after the outbreak
of the COVID-19 pandemic, the story turned
upside down, with the destruction of the
market for their commodities, deflation
resulting in low income, job losses, and a
significant drop in the number of customers
clouding their daily earnings and dragging
them into difficult times of struggling for their
livelihoods (Manenti et al., 2020; Shoo et al.,
2021).

Despite efforts to better understand the
impacts of the COVID-19 pandemic on
indigenous and local communities living
near protected areas, little is known about
the extent to which these impacts changed
or modified the communities’ patterns and
livelihoods, particularly for those who rely
on protected zones. Furthermore, there is
insufficient information on the alternative
sources of income that supplement local
communities’ income during the COVID-19
pandemic. This

inadequate knowledge
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necessitates additional research on the
aforementioned challenges for the benefit of
the protected areas, as well as indigenous and
local communities adjacent to these areas.
The objective of this study was to learn more
about the socioeconomic consequences of
Covid-19 onthe local populations surrounding
the Burunge WMA, as well as the alternative
livelihoods that were used for survival during
the crisis. This study is critical because it
provides baseline information on the severity
of the COVID-19 pandemic’s impacts on the
socioeconomic sector while also highlighting
various alternative sources of income used by
local populations near protected areas during
this time. The findings of this study will aid
responsible bodies and local communities
in devising various methods and plans
to mitigate the effects of unanticipated
disasters such as COVID-19 and modify some
policies in the interest of protected areas and
neighbouring local communities.

MATERIALS AND METHODS

Study area

The study was conducted in three purposively

selected villages: Minjingu, Ngolei and
Mwada, which form the Burunge Wildlife
(WMA) within the

Tarangire-Manyara Ecosystem (TME). These

Management Area

villages were selected because of their direct
or indirect reliance on the Burunge WMA in
a variety of ways, including their potential
to benefit from tourism activities within and
around the protected area. The Burunge
Wildlife Management Area (WMA) is 617
square kilometres in size, with 280 square
kilometres set aside for wildlife. It is found
in the Tarangire-Manyara Ecosystem (3.94°S

to 3.66°S and longitude 35.73°E to 35.97°E)
in the Babati district, Manyara region (Fig. 1)
(Kiffner et al., 2020; WWF, 2014)communities
can set aside land and formally register it
as Wildlife Management Area (WMA. The
Burunge Wildlife Management Area (WMA)
receives between 400 and 500mm of rain per
year, with alternating seasons of dry, long,
and short rains, with temperatures ranging
from 180°C to 330°C. The area is dominated
by riverine vegetation, Acacia woodlands,
and edaphic grasslands at an elevation
of approximately 1,000m. The ethnic
groups found around the Burunge Wildlife
(WMA)
(pastoralists) and Mbugwe (agro-pastoralists)
(Kaswamila, 2012).

Management Area are Maasai

Study design

The study population was drawn from
three carefully chosen communities in the
Burunge WMA area. A sample of at least
5% of the entire population was selected for
this study (NIST, 2020), this making a total
of 102 respondents (Minjingu = 33, Mwada
= 43, and Ngolei = 26). To ensure simple
access to essential information, the positions
and their title functions were employed as
criteria for selecting key informants. Village
government leaders greatly helped in the
process of selecting members of the local
communities to participate in the study from
selected villages, using random sampling
techniques. The community members
who participated in the study benefited
directly or indirectly from different activities
taking place within and around the WMA,
including tourism. The gender of respondents
was considered to obtain a variety of
perspectives, understandings, and knowledge
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Figure 1. Map showing the three study villages (Minjingu, Mwada, and Ngolei) which form the Burunge
Wildlife Management Area (WMA) within the Tarangire-Manyara Ecosystem (TME)

of the subjects. The information needed was
gathered through semi-structured surveys,
interviews, and focus group discussions. The
study’s questionnaires were expected to
yield a variety of data, including geographic
data,
respondents’ socio-economic activities.

socio-demographic  statistics, and

Data collection

House hold survey

Semi-structured questionnaires were used to
collect information about the respondents’
socioeconomic activities. Additionally, the
administered questionnaires were designed
to gather further information on how the
COVID-19 pandemic affected or disturbed
their lives in comparison to the time preceding
the outbreak. Respondents were also asked
to estimate customer trends and revenues
earned during the COVID-19 pandemic.

Focus group discussion

A Focus Group Discussion (FGD) was also
held with groups of at least four respondents
to gain a broad and deeper understanding of
the problem under investigation. Participants
were asked questions on the alternative
sources of income to replace their COVID-
19-interrupted careers, as well as to identify
them according to their preferences and
priorities.

Data analysis

The collected data were coded, classified, and
collated using Microsoft Excel® (Microsoft
Corporation, Washington, USA). The analysis
was then performed using SYSTAT (Version
13.2 Inc. 2017) (http://www.systat.com) with
a significance level of 0.05. A Kruskal-Wallis

statistical test was employed to assess data
relating to socioeconomic position as a result
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of the COVID-19 pandemic’s impact on local
communities, as well as alternative sources of
income adapted as a means of survival during
the pandemic. A Kruskal-Wallis statistical
test was used because the data showed non-
parametric patterns. Descriptive statistics,
such as mean, percentage, and cross-
tabulation were also used. Tables and graphs
were used to present a lot of information
about the analysed data in a readable and

easy-to-understand manner.

RESULTS

Socio - demographic profile of respondents

A total of 102 respondents from three study
villages (Minjingu, Mwada and Ngolei) were
interviewed. Out of all, 55.9% (n=57) were
males and 44.1% (n=45) were females. The

percentage of female respondents was higher
in Mwada and least in Minjingu. In case of
male respondents, Minjingu had large number
followed by Ngolei whereas the least number
was recorded from Kakoi village (Table 1).
The variation among gender distributions in
the three villages was significant (P < 0.01).
Moreover, age wise, youths contributed
majority of the respondents whereas old
group had a least number of respondents
across all study villages, with the variation
being not significant (P = 0.7) (Table 1). The
education level of respondents was also
recorded, with 51.0% (n=52) having primary
education, followed by secondary education
(34.3%, n=35), tertiary education (8.8%,
n=9) and informal education (5.9%, n=6).
The variation in education level among the
participants across the three study villages
was not significant (P = 0.07) (Table 1).

Table 1. Socio-demographic characteristics of the respondents in the study villages

S/n  Variable Categories Minjingu % Mwada % Ngolei % P
(n=33) (n=43) (n=26)
1 Gender Female 24.2(8) 62.8(27) 38.5(10)
<0.01
Male 75.8(25) 37.2(16) 61.5(16)
2 Age 18-40 (Youth) 75.8(25) 81.4(35) 84.6(22)
0.70
41-60 (Adult) 21.2(7) 16.3(7) 11.5(3)
> 60 (0ld) 3.0(1) 2.3(1) 3.8(1)
3 Education Informal 6.1(2) 2.3(1) 11.5(3)
level 0.07
Primary 60.6(20) 41.9(18) 53.8(14)
Secondary 24.2(8) 44.2(19) 30.8(8)
Tertiary 9.1(3) 11.6(5) 3.8(1)

Source: Field data, 2021.
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Socio-economic characteristics of the

respondents

The socio-economicactivities were agriculture
(29.4%,n=30), handcrafting activities (10.8%,
n=11), small-to-medium enterprises (19.6%,
n=20), livestock keeping (13.7%, n=14), fishing
(10.8%, n=11) and some were employed in
different sectors (15.7%, n=16). The variation
in socio-economic activities across the
villages was not significant (P = 0.15) (Fig. 2).

In Minjingu, they were farming (12.1%, n=4),
fishing (33.3%, n=11), Small-to-medium
enterprises (18.2%, n=6), handcraft (18.2%,
n=6), livestock keeping (9.1%, n=3) and
employed (9.1%, n=3), whereas 39.5%
(n=17), 11.6% (n=5), 32.6% (n=14), and
16.3% (n=7), for farmers, livestock keeping,
small-to-medium enterprise and employed
respectively in Mwada village while farming
dominated in Ngolei with 34.6% (n=9),
livestock keeping (23.1%, n=6), employed
(23.1%, n=) and handcraft (19.2%, n=5).

Socio-economic activities versus COVID-19
pandemic

Of the 102 respondents, 93.1% (n=95) were
affected by the COVID-19 Pandemic. The three
main impacts were the decline in the number
of customers reported by 96.1%, (n=98) of
respondents, losing jobs (10.8%, n=11) and
deflation causing low income (96.1%, n=98),
eachbeingcalculated separatelyfromthetotal
number of respondents. In this case, 90.9%
(n=30), 100% (n=43) and 96.2% (n=25) from
Minjingu, Mwada and Ngolei respectively,
experienced a decline in customer numbers
which was not significant across the villages
(P = 0.13), and 96.2% (n=25) from Ngolei,
90.9% (n=30) from Minjingu and 100% (n=43)
from Mwada faced the decline in income
with the variation being not significant
among the villages (P = 0.13) and job loss
were experienced by Mwada (23.3%, n=10)
and Minjingu (3%, n=1) which was significant
( P<0.01) across the study villages (Table 2).

Table 2. Impact of COVID-19 on socio-economic activities

Variable Responses Minjingu % Mwada % Ngolei % P
(n=33) (n=43) (n=26)
Decline in NO 9.1(3) 0 3.8(1) 0.13
number of
N — YES 90.9(30) 100(43) 96.2(25)
Decline in NO 9.1(3) 0 3.8(1) 0.13
income
YES 90.9(30) 100(43) 96.2(25)
Losing jobs NO 97(32) 76.7(33) 100(26) <0.01
YES 3(1) 23.3(10) 0

Source: Field data, 2021
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Figure 2. Socio-economic activities of respondents in three study villages (Source: Field data, 2021)

Alternative sources of income during the COVID-19 pandemic

Agriculture (27.5%, n=28), boda boda (Motorcycle taxi) (3.9%, n=4), fishing (11.8%, n=12),
handcrafts (4.9%, n=5), livestock keeping (25.5%, n=26), restaurants (2%, n=2), shops (3.9%, n=4),
and vendors (1%, n=1) were among the alternative sources of income identified by respondents,
whereas 19.6% (n=20) had no alternative sources of income (Table 3). The respondents showed
some variations in this category whereby, at Minjingu village, the dominated alternative sources
of income were fishing, agriculture, and handcraft (Table 3). In case of Mwada and Ngolei,
agriculture and livestock keeping were reported to be dominant out of other socio-economic
activities in the two villages. Restaurants, shops, vending activities and boda boda (Motorcycle
taxi) were among the least performed socio-economic activities across the study villages (Table
3). The variation in alternative sources of income during the COVID-19 pandemic across the
villages was significant (P = 0.02) (Table 3).
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Table 3. Alternative sources of income adapted by respondents during COVID-19

Variable Minjingu % Mwada % Ngolei %
(n=33) (n=43) (n=26) P

Agriculture 15.2(5) 44.2(19) 15.4(4)

Boda boda (Motorcycle taxi) 0 7(3) 3.81(1)

Fishing 30.3(10) 0 7.7(2)

Handcraft 12.1(4) 2.3(1) 0 0.02
Livestock keeping 12.1(4) 30.2(13) 34.6(9)
Restaurants 3(1) 2.3(1) 0

Shops 0 4.7(2) 7.7(2)

Vendors 0 0 3.8(1)

No alternative 27.3(9) 9.3(4) 26.9(7)

Source: Field data, 2021.

DISCUSSION

Socio-demographic profile of respondents

In this study, male participants outnumbered
females by 11.8%. The observed slight
deviation was due to the fact that males
are the heads of households and decision-
makers in the majority of African cultures
(George et al., 2016); thus, they participate in
different situations demanding suggestions,
opinions, or any other contribution. Many
respondents were between the ages of 18
and 40 years (youth category). Mwada village
had a considerable number of individuals
belonging to the youth age group compared
to other study villages, with the variance in
age group distribution across them being
insignificant. The findings reveal a modest
variance in age group patterns throughout
the research sites. It is in this age group
(youth) that individuals are economically
active, productive and capable of conducting
different socioeconomic activities for their
lives and livelihoods, as stated by URT (2006).
Primary school leavers made up the majority
of the participants, with secondary school

graduates coming in second. This variation
indicates that most of the individuals who
are engaged in different activities, including
agriculture, livestock keeping and fishing in
local communities adjacent to the protected
areas are those with a basic level of
education, as it is common in many farmers’
and pastoralists’ families (Sigala et al., 2021).
These findings suggest the need to empower
and educate young people for the sake of
conservation and sustainable livelihoods
for their lives and society as a whole, as
corroborated by previous studies (Morar &
Peterlicean, 2012; Nadeson & Barton, 2014).

Socio-economic characteristics of the

respondents

The findings in this study showed that most
of the local people near the Burunge WMA
were conducting diverse activities, but
agriculture, fishing and livestock keeping
were the primary means of earning cash.
Socio-economic activities changed only
slightly among the three villages. For instance,

most of the households in Mwada village
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are farmers, whereas those in Minjingu and
Ngolei are active in fishing and livestock
raising respectively. The variation observed
between the socio-economic statuses of the
three study areas was probably influenced by
severalfactors, suchastheratioofacertainage
group over the other, the availability of land
for agriculture and pastures and the proximity
of a particular village to the protected
area. This is consistent with other research
conducted in villages around protected and
conserved areas (Kaswamila, 2009; Moshi
2016). For instance, research conducted by
Kaswamila (2009) in the Esilalei, Barabarani,
and Migombani communities within the
Tarangire-Manyara ecosystem found that
the predominant socio-economic activities
in these areas are subsistence farming,
livestock raising, and other tourism-based
activities. Furthermore, a study conducted in
villages near Saadani National Park (SANAPA)
revealed that many indigenous and local
communities located near protected and
conserved areas rely primarily on agriculture
and livestock husbandry, and the observed
variation among these villages is driven by
the size of the local people’s landholdings and
the proximity of the individual villages to the
parks (Moshi, 2016).

Effects of COVID — 19 pandemic on socio-
economic activities

All three study villages experienced the
agony of the COVID-19 outbreak in their
activities. The

discovered that the local

socioeconomic research
communities
situated near the protected areas experienced
numerous challenges, including a reduction

in the number of consumers and deflation,

resulting in reduced revenues in almost the
same range across the villages. It was further
noted that in Mwada village, the number of
individuals who had lost their occupations
was higher compared to the other studied
sites. The reason behind this was the total
reliance of local communities on the tourism
sector and other WMA linked enterprises.
Similar findings have been reported in
various countries and worldwide. For
instance, a study conducted in five selected
WMAs showed that nearly all the tour guides
at lkona WMA lost their jobs due to the
COVID-19 pandemic, while the same was
observed in Enduimet, Randilen, Burunge
and Makao WMA where some employees,
especially those paid by the villages, were
given leave without being paid their salaries
while others were working on loans (Shoo
et al., 2021). Other findings in Malawi have
shown that a large number of indigenous and
local populations engaged in farming, fishing,
and bee-keeping suffered greatly as a result
of COVID-19. The fall in tourists in protected
areas in Malawi due to COVID-19, who were
the main clients of honey and other products,
led to a drop in sales in the market, thereby
adversely affecting their livelihoods (Attah,
2021). In addition, a study conducted by
(Kideghesho et al., 2021) indicated that the
majority of people operating in the informal
sector around protected zones had lower
market, demand, and total sales of their
items.

Alternative sources of income during the
COVID-19 pandemic

As a strategy for survival during the COVID-19

pandemic, local populations had to seek
new ways of generating revenue for their
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survival. In Minjingu, Mwada and Ngolei
villages, residents turned to other alternative
means of income, including agriculture,
fishing, and livestock keeping, while others
involved with boda boda (Motorcycle taxi)
driving, restaurants and other businesses to
name a few. Other people had no alternative
source of income; the circumstance that was
mentioned by FAO (2020) forced people to
transgress various norms so as to survive.
The study indicated that the aforementioned
activities caught the interest of many because
they were the only possible means of earning
income for the indigenous and local people
adjacent to the protected zones during
the COVID-19 crisis. Moreover, these tasks
were among the familiar traditional socio-
economic activities undertaken by many
individuals ever since, so switching to them
was accompanied by some past experience,
making them easier to take and operate.
The study found that, due to the impact of
COVID-19 on the market and other factors,
the quantity of revenue generated through
these activities was insufficient to meet
all basic needs of the families. Intensive
agriculture and livestock husbandry, the
two main alternatives, are likely to damage
natural habitats and impede wildlife growth
(Seki et al., 2018). These findings correlate
with a study conducted by (Kideghesho et
al., 2021), which found that many people fled
from urban regions to rural communities in
search of alternative livelihoods, particularly
those working in the informal sector in urban
areas during the COVID-19 crisis. A further
increase in population due to urban-rural
movement and a lack of diversification of
economic options in villages may hasten
the prevalence of poaching, deforestation,
and other illicit activities (Kideghesho et al.,

2021). This is supported by several studies
that have revealed the tight linkage between
insufficient diversification of sources of
income by people and fraudulent activities
within or surrounding protected
(Knapp, 2012; Loibooki et al., 2002).

areas

Implication in biodiversity conservation

Like an alert, COVID-19 highlighted how
resilient protected areas are, not only
in Tanzania but also internationally. The
COVID-19 pandemic has led to very difficult
repercussions for both protected areas
and local residents, depending on various
activities taking place around them. The
findings revealed that some residents
worked in the tourism sector, while others
participated in various informal socio-
economic activities within and around the
WMA to earn a living (Shoo et al., 2021). The
disruption of the tourism sector therefore
induced some difficulty in handling many
situations in protected areas and the
adjacent local communities, which endure
many wildlife conservation challenges,
especially by delegating their pieces of land
for conservation and tolerating human-
wildlife conflict all year long. The shift of
local communities into alternative sources
of income as observed in the study marked
the beginning of a new chapter on wildlife
protection, especially after identifying that
agriculture, fishing and livestock keeping
among others, are the top alternative
sources of income adapted by communities
during the COVID-19 juncture. By examining
the implications of these activities on
natural habitats and a variety of species
(Seki et al., 2018), there is a need to create

numerous techniques and strategies to limit
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their impacts on biodiversity in general. As
highlighted by Ellis (2000), the data revealed
the necessity of the local community to have
diversified sources of income that are socially
and environmentally benign, rather than
relying only on tourism activities to avoid
potential anticipated impacts on biodiversity.

CONCLUSION AND RECOMMENDATION

The outbreak of the COVID-19 pandemic has
resulted in various detrimental consequences
in different sectors worldwide. The wildlife
sector was also hit by the repercussions of
COVID-19, whereby the implementation
of several operations inside the protected
areas and the participating communities
was interrupted. The impacts were not
observed just within the protected areas
management, but also prevailed in the local
communities adjacent to the protected areas.
Unpreparedness to respond accordingly
during COVID-19, due to the lack of diversified
means of revenue, made the socioeconomic
position of the members of the specific
communities worse. As a strategy for survival,
many people turned mostly to agriculture,
livestock keeping, and fishing pursuits for the
sake of their lives. Due to a lack of alternative
sources of income, many people may become
involved in nefarious activities that endanger
the survival of these areas, such as poaching
and deforestation.

To minimize the massive impacts of different
unexpected crises like COVID-19, it is
recommended to encourage and help the
indigenous and local communities with
diversified sources of income to reduce
their total dependence on natural resources
such as beekeeping and fish farming and

to introduce environmentally and socially
friendly methods of agriculture and fishing
that will be more productive with very least
impacts on the natural environment.
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ABSTRACT

The assessment of Mangrove resources was conducted in Mkinga, Tanga and Pangani mangrove
forest reserves to determine the present quantity and quality of the mangrove forest resources as
a prerequisite for re-development of the management plans for the three blocks to replace that
of 1991 which has become obsolete. Systematic sampling design was employed to lay concentric
circular plots along transects that ran perpendicular to coastline and river banks. A total of 122,
104 and 73 plots were established and inventoried for Mkinga, Tanga and Pangani respectively.
Standard forest inventory procedures available in literature were applied to take measurements,
collected and process data. A total of 2,457, 1.,381 and 1,318 trees were counted, identified
by species and measured respectively from 8 mangrove tree species. The results show that
the area covered by mangrove forest in Tanga Mangrove Forest reserve accounted to about
9,501 ha in over 40 patches along the shores and river deltas. Mangrove forest spans about
4,813 ha in Mkinga, 1,722 ha in Pangani and 2,966 ha in Tanga Urban. Further, these results
demonstrate that the mangrove area has been decreased by 11% with main affected area being
Mkinga District with a loss of around 24% of the area reported by Semesi, (1991). These results
suggest that the mangrove in the three surveyed blocks are in a good recovery pattern and can
self-sustain if appropriate management prescriptions are put in place and adequately enforced.
However, there will be no issuance of harvesting permits instead the coastal communities will
be enabled to benefit from carbon trade out of sustainable conservation of mangrove and sea
grass ecosystems (Climate Champions, 2022, ATIENO S., 2022). The findings serve as baseline
information for the development and/or updating of the mangrove forest management plans for
Mkinga, Tanga and Pangani blocks.

Keywords: Sample plots, Management plan, Mangrove forests, Resource assessment
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INTRODUCTION

Mangrove_forests_are valuable ecosystems in
the tropics and subtropics, occupying around
13.6 million ha worldwide (Spalding and Leal,
2021). On Mainland Tanzania, mangrove
forests coveratotal area of 158,100 ha (MNRT,
2015, Figure 1), distributed in fragmented and
continuous stands of mixed species on gently
sloping shores and around river estuaries,
creeks and bays along almost the entire
coastline. The dominant and well-developed
mangrove stands are found at the estuaries of
Pangani, Wami, Ruvu, Matandu, Mbwemkuru,
Ruvuma and Rufiji (Mangora et al., 2016).
For management purposes, Tanzania Forest
Service Agency (TFS) has grouped the
coastal districts with mangroves into three
zones namely, the Northern Mangrove Zone,
which include the districts of Mkinga, Tanga
and Pangani; the Central Mangrove Zone
include the districts of Bagamoyo, Kinondoni,
Temeke, llala, Kigamboni, Mkuranga, Mafia
and Kibiti; and the Southern Mangrove Zone
are the districts of Kilwa, Lindi and Mtwara.
In the 1991 National Management Plan for
Mangrove Ecosystems of Mainland Tanzania
(MNRT, 1991; Semesi, 1992, these districts,
some of which are new, were designated
as management blocks. For Tanga region,
Mkinga (formerly Muheza) and Tanga were
designated as Block 1, while Pangani was
named Block 2. Ten mangrove species are
reported to occur in Tanzania (Mangora et
al., 2016). These are Rhizophora mucronata,
Ceriops tagal, Bruguiera  gymnorhiza,
Avicennia marina, Sonneratia alba, Heritiera
littoralis, Xylocarpus granatum, Xylocarpus
racemosa and

mollucensis, Lumnitzera

Pemphis acidula.

Mangroves support both ecological integrity
and dependent livelihoods across scales
(UNEP, 2014; Spalding and Leal, 2021, Figure
2). Ecological values of mangroves include
provision of breeding, feeding and nursery
grounds for many species of fish, protection
of the coastline from erosion etc. Mangroves
are also receiving attention for their role as
carbon sink (Donato et al., 2011, Pendleton
et al., 2012, Siikamaki et al.,2012, Njana et
al., 2021) as they are reported to sequester
and store carbon at a rate of three to five
times that of other vegetation types such as
boreal, temperate, or upland tropical forests
(Donato et al., 2011). In Tanzania common
uses of mangroves include provision of wood
as poles, timber, and fuel wood for local
consumption and trade (Mainoya et al., 1986;
von Mitzlaff, 1989).

Despite all these benefits, mangroves are
still one of most at risk ecosystems on earth
threatened by overexploitation of wood
resources and conversion to other land uses
(Goldberg et al., 2020; Spalding and Leal,
2021). Accordingly, a number of calls to action
for sustainable management, conservation
and restoration to secure the future of
mangroves have been made repeatedly
(Valiela et al., 2001; van Lavieren et al., 2012;
UNEP, 2014; Njana, 2020; Spalding and Leal,
2021). While these calls are made, Tanzania
had developed its national Management Plan
for the Mangrove Ecosystem of Mainland
Tanzania in 1991 (MNRT, 1991; Semesi, 1992)
that elaborated how mangroves forests in the
country were at risk and devised measures
for sustainable management. The impact of
the implementation of the management plan
has however, not been adequately studied.
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With over three decades without revision,
the management plan is considered obsolete,
given the substantial environmental, soci-
economic and governance changes that have
occurred. To address this, Tanzania Forest
Service (TFS) Agency has recently embarked
on the revision of the management plan by
blocks (URT.,, (2002)). So far management
plans for Rufiji Delta (now in Kibiti) and Kilwa
blocks have been developed and approved
(MNRT (TFS)., (2020)). The mangrove resource
assessment reported here was conducted
between 2018 and 2020 as a prerequisite
for revision of the management plans for

Mkinga, Tanga and Pangani blocks.

The assessment of Mangrove resources was
conducted in Mkinga, Tanga and Pangani
mangrove forest reserves to determine the
present quantity and quality of the mangrove
forest resources as a prerequisite for re-
development of the management plans
for the three blocks to replace that of 1991
which has become obsolete. The results show
that the area covered by mangrove forest in
Tanga Mangrove Forest reserve accounted
to about 9,501 ha in over 40 patches along
the shores and river deltas. Mangrove forest
spans about 4,813 ha in Mkinga, 1,722 ha in
Panganiand 2,966 ha in Tanga Urban. Further,
these results demonstrate that the mangrove
area has been decreased by 11% with main
affected area being Mkinga District with a
loss of around 24% of the area reported by
Semesi, (1991).

According to Kairo, (2010), the loss of
mangroves coverage in Mkinga district during
the last decade is estimated at 20%. The lack
of environmental education, which manifests
itself in an inadequate understanding of the

functions and values of mangrove ecosystems,
the conversion of mangrove areas for solar
salt pans, the use of mangrove wood for
boiling water for salt production, firewood,
and charcoal making, the illegal harvesting of
wood for export into the neighboring country,
and unsustainable agricultural practices
are some of the underlying root causes of
mangrove degradation in the Mkinga District

(Kairo, 2010).

MATERIALS AND METHODS
Study area

Tanga Region is the northernmost part of the
coastal mainland Tanzania with a total area
of 26,808 km? (Wells et al., 2007, Figure 1).
Mkinga District is the Northern most district
of the region while Tanga stride in the middle,
while Pangani District in the south of the
region (Figure 2). Mangrove forests covers
about 9,501 ha, shared in the three blocks
as follows: Mkinga block (4,813 ha), Tanga
block (2,966 ha) and Pangani block (1,722 ha,
Figure 2).

About 60,947 people inhabited villages
located adjacent to the mangrove forest
reserves. Majority of the population in close
proximity to the mangrove ecosystems in the
region rely mostly on agriculture, livestock
keeping, forestry and fishing as well as petty
trade. Harvesting of mangrove poles is one of
the important economic activities for income
generation (URT, 2018). Mangroves are also
a local source of firewood, charcoal, building
poles, construction materials, boat building,
fish traps, fishing stakes and traditional
medicines (Samoilys et al, 2008, Muhando,
2011; Mangora and Shalli, 2012).
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Figure 2. Map of Tanga region mangrove forest reserve showing location, District boundaries as
well as marine and coastal resources

Survey mangrove stands

The mangrove resource assessment reported
here was conducted between October to
November 2018 and February and March
2020 as a prerequisite for revision of the
management plans for Mkinga, Tanga and
Pangani blocks. Mangrove areas identified for
inventoring in Mkinga District include those
at the border between Tanzania and Kenya
(Jimbo village in Kenya and Jasini village in
Tanzania) Mahandakini, Kijiru, Moa, Boma
Subutuni and Boma Kichakamiba villages,

Kwale island and Kwale, Mongavyeru,
Kichalikani and Kizingani villages. Tanga
district included the mangrove areas of
Bwagamoyo, Chongoleani, Putini, Mvuuni,
Mafuriko, Kisosora, Sahare, Kwamakofia,
Donge, Mwarongo wa Digo, Machui, Neema,
Mchukuuni, Tongoni, Kirare and Mwarongo
streets, smallislands of Ulenge, Toten, Jambe
and Karange. Pangani district included the
mangroves areas of Pangani magharibivillage,
Pangani river banks, Ushongo, Kipumbwi,

Sange, Mkwaja and Buyuni villages.
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Sampling design

A total of 122, 104 and 73
inventoried in Mkinga, Tanga and Pangani

plots were

respectively; and from each area a total of
7 species (2457 trees), 6 species (1381 trees)
and 8 species (1318 trees) respectively were
recorded. Concentric circular plots were used
to capture information at different diameter
classes. Systematic sampling design was
employed, such that sampling plot locations
for each site mentioned in section 2.2 above
were determined by running computer QGIS
programme to produce systematic coordinate
points which were then recorded on a
booklet and uploaded into GPS receiver, to
assist accessing points in the field. Sampling
plots were systematically laid along transects
established perpendicular to the shorelines
or river bank where each plot was comprised
of four circular fixed-area concentric sub
plots of 2-m, 5-m,10-m and 15-m radius for
inner, middle 1, middle 2 and outer circles
respectively to capture information for
different tree diameter classes as shown in
figure 3. This plot type was used for easy of
establishment on the ground. The inter plot
distance was 500-m.

Plot measurements

In each sampling plot, the following
parameters were collected and recorded in
theinventory form: plot number, tree number,
stem number (for trees with multiple stems),
species name, diameter at breast height
(DBH) and remarks like number of seedlings,
saplings, dead logs. For DBH measurements,
which was done using a forest calliper, the
following protocol was observed: all trees
with DBH >1, >5, >10, 215 cm was identified
by species and measured their DBH (cm) for
radii 2, 5, 10 and 15 m respectively. For R.
mucronata trees, stem diameter was taken at
30 cm above the highest prop root, while for
the dwarf plants diameters were measured

as down as possible.

Disturbances observed include forest

clear felling for economic gain, urban
development, beach hotel development,
agriculture (salt ponds), aquaculture (fish
ponds) in Jasini, Mahandakini, Kijiru, Moa,
Mwaboza, Vuo, Boma Subutuni and Boma
Kichakamiba

and Manza bay), Kwale island and Kwale,

villages (Boma Peninsula

Mongavyeru, Kichalikani and Kizingani

(Mkinga district); Bwagamoyo, Chongoleani,

Radius: 15 m
Trees: DBH > 20 cm

Radlius: 10 m
Trees: DBH =10 cm

Radius: 5 m

Trees: DBH>5cm

Radius: 2 m
Trees: DBH=>1cm

Figure 3. Concentric sample plot
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Putini, Mvuuni, Mafuriko, Kisosora chumvini,
Sahare, Kwamakofia, Donge, Mwarongo wa
Digo, Machui, Neema, Mchukuuni, Tongoni,
Kirare and Mwarongo streets, small islands
of Ulenge, Toten, Jambe (Tanga district) and
Pangani magharibi village, Pangani river
banks (Pangani estuary), Ushongo, Kipumbwi,
Sange, Mkwaja and Buyuni villages in Pangani
district. The disturbances were recorded using
prepared data collection sheets provided
during the inventory exercise. The crue teams
have always been accompanied by relevant
village leaders just to make sure that the
community members are fully involved in the

inventory exercise.

Data processing and analysis

Forest density, basal area and volume

Using standard forest inventory data
processing procedures, tree density (N),
basal area (G) and tree volume (V) were
calculated and summed up for each sample
plot and subsequently up-scaled to per
hectare estimates (N (trees ha?), G (m?ha?l)

and V(m3ha?).

Harvestable volume was calculated using
allometric equation available in literature:

V= 0.000202(d bh) 2.361854)

Species Importance

Important Value Index (IVI) was calculated as
the sum of Relative Frequency (RF), Relative
(RD), and Relative
(RDo) of species, calculated as indicated in

Density Dominance

the formula below. This index is useful in
evaluating the importance of a given species
in a given plant community (Kent and Coker,
1992) and key in the description of forest
structure. The maximum value of IVl is 300.

Statistical analysis

Microsoft excel and R statistical programme
was used to do calculation and produce
summary statistics comparing means
of different structural parameters (DBH
distribution, basal area, volume) and generate

display tables and graphs.

RESULTS
Forest composition and structure

A total of 122, 104 and 73
inventoried in Mkinga, Tanga and Pangani

plots were

respectively; and from each area a total of 7
species (2457 trees), 6 species (1381 trees)and
8 species (1318 trees) were respectively were
recorded. Those 8 mangrovetree specieswere
identified as Avicennia marina (Acanthaceae),
Bruguiera gymnorhiza (Rhizophoraceae),
Ceriops tagal (Rhizophoraceae), Heritiera

littoralis (Malvaceae), Lumnitzera racemosa

(Combretaceae), Rhizophora mucronata
(Rhizophoraceae), Sonneratia alba
(Lythraceae), and Xylocarpus granatum

(Meliaceae) (Table 1). Although not found
in the sampling plots, X. moluccensis has
also been observed in some mangrove
stands of Tanga and Pangani (Mangora, per.
observation). Non mangrove species were
also recorded including Manilkala spp, Mcheji
maziwa spp, Sterculia spp and Mswaki spp.
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Table 1. Eight mangrove species
areas and their local uses

recorded in the Mkinga, Tanga and Pangani mangrove forest

Species Family Uses Local name
Ceriops tagal (Perr) Rhizophoraceae Poles, Sawing, Firewood Mkandaa
Bruguiera gymnorrhiza (L.) Lam Rhizophoraceae Poles, Sawing, Firewood Mshizi
Rhizophira mucronata Lam Rhizophoraceae Poles, Sawing, Firewood Mkoko
Sonneratia alba (Sm) Sonneratiaceae Poles, Sawing, Firewood Mpira

Boat making
Avicennia marina (Forsks.) Vierh | Acanthaceae Inferior firewood Mchu
Lumnitzera racemose (Will) Combretaceae firewood Mkandaa dume
Xylocarpus granatum (Koen) Meliaceae Poles, Sawing, Firewood Mkomafi
Heritiera littoralis (Dryand) Sterculiaceae Poles, Sawing, Firewood Mkungu

Diameter distribution

Majority of tree stems recorded were with

dbh of below 0-05 cm (figure 4).

Forest density for Mkinga mangrove block
was 1,982+408 while that of Tanga block

was 4,310+737 and Pangani

block was

2,7461756 (Table 2). Mean basal area per
ha for Mkinga block was 13.32+2.42 m?,
for Tanga block was 9.589+1.46 m? and for
Pangani block was 13.22+2.18 m? (Table 2).

20001
1500+
®©
<
2
8 1000+
-
500
0_

Mean volume per ha for Mkinga block was
72.68+9.76 m*and total volume for the whole
forest 460,719.56+62005.28 m?3. For Tanga
block, mean volume per ha was 53.454+9.58
m?® and volume for the whole forest was
163,022.5+29.219 m3. For Pangani block,
the mean volume per ha was 86.0+14.36
m? and volume for the whole forest was

151,016+25,268.84 m?(Table 2).

5-10

10-15

Diameter Classes (cm)

Figure 4. Number of trees per hectare distributed per diameter class for Mkinga, Tanga and

Pangani blocks.
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Table 2. Forest density, basal area and tree volume by species in Mkinga, Tanga and Pangani

mangrove blocks

District Species Average density Average basal Average vol-
(stems ha?) area (m*ha’) ume (m3ha’)
Avicennia marina 114.0755375 0.86493577 5.34
Bruguiera gymnorhiza 68.24239272 0.70338524 4.24
Ceriops tagal 458.3024582 1.47699399 7.01
Lumnitzera racemosa 8.98689114 0.03377613
Manilkala spp 0.260909743 0.00819257 0.11
Mcheji maziwa 3.391826656 0.01413218 0.02
Mswaki (Sw) 0.637779371 0.01541113 0.06
No trees 1.4205086 0.01259835 0.12
Mkinga | ppizophora  Mucronata 1084.224931 7.65870893 4131
Sonneratia alba 236.8190765 2.42951161 13.76
Sterculia spp 0.231919771 0.02080001 0.3
Xylocarpus granatum 5.276174798 0.07917626 0.41
Total 1,981.87 13.31762217 72.68
Avicennia marina 1023.285 2.581 15.517
Bruguiera gymnorhiza 182.11 0.415 2.158
Ceriops tagal 1297.079 1.616 8.233
Lumnitzera racemosa 1.224 0.003 0.017
No trees 0 0 0.000
Tanga Rhizophora mucronata 1465.314 3.752 20.256
Sonneratia alba 340.687 1.222 7.273
Total 4309.698 9.589 53.453
Avicennia marina 600.961 3.722 26.364
Bruguiera gymnorhiza 92.828 0.408 2.438
Ceriops tagal 1058.998 2.353 12.343
Heritiera littoralis 6.541 0.089 0.604
Lumnitzera racemosa 0.436 0.005 0.031
Rhizophora mucronata 479.936 2.332 13.857
Pangani | sonneratia alba 132.75 1.223 8.417
Xylocarpus grantum 373.493 3.09 21.946
Total 2745.944 13.223 86.000

Species Importance Value Index (IVI)

Rhizophora mucronata was the top species with the highest IVl in Mkinga and Pangani blocks. On
the other hand, A. marina and C. tagal had the highest IVI for Tanga and Pangani blocks forest
while X. granatum had exceptionally high IVI in Pangani block. L. racemosa (in both Tanga and

Pangani blocks) and H. littoralis (only in Pangani block) had the lowest IVI (Table 4).
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Table 4. Distribution of Importane Value Index (IVI) for Mkinga, Tanga and Pangani mangrove

forests

District Species RF (%) RDe(%) RDo(%) VI (%)

Mkinga
Rhizophora mucronata 63 55 58 176
Avicennia marina 8 6 7 21
Ceriops tagal 15 23 11 49
Sonneratia alba 8 12 18 39
Bruguiera gymnorhiza 5 4 5 13
Xylocarpus granatum 1 0 1 2
Lumnitzera racemosa 0 0 0 0
Overall 100 100 100 300

Tanga Rhizophora mucronata 39 34 39 112
Avicennia marina 26 24 27 77
Ceriops tagal 16 30 17 63
Sonneratia alba 14 8 13 35
Bruguiera gymnorhiza 5 4 4 13
Overall 100 100 100 300

Pangani Rhizophora mucronata 19 17 18 54
Avicennia marina 27 22 28 77
Ceriops tagal 18 39 18 75
Sonneratia alba 10 24
Bruguiera gymnorhiza 3 9
Xylocarpus granatum 23 14 23 60
Lumnitzera racemosa 0 0 0 0
Heritiera littoralis 0 0 1 1
Overall 100 100 100 300

Note: RF: Relative frequency, RDe-Relative density, RDo-Relative dominancy and IVI-Importance

value index

261




DISCUSSION

Our results show that the mangrove forests
are growing and developing apart from being
faced by high level of illegal harvesting. Such
information on forest structure, relationships
between structural parameters are important
in ensuring the sustainability of mangroves
and the associated ecosystem services
through sustainable management planning
for various management operations and
enforcement. There is low mangrove species
diversity in eastern Africa region when
compared to the most diverse mangrove
species region of South east Asia where
over 40 species occur (FAO, 2007; Hinrichs
et al., 2009; Nandy and Kushwaha, 2010;
Chowdhury et al., 2016). The eight mangrove
species recorded in Mkinga, Tanga and
Pangani, have been reported previously in
other East African countries (FAO, 2007;

Njana et al., 2018).

The structural parameters for mangrove
forests in Mkinga, Tanga and Pangani are
comparable with the reported results for
mangroves in other East African countries,
whic h have similar climatic conditions. For
example, Tamooh et al. (2008) reported tree
density (N) of 3067-3567 trees ha and basal
area (G)of 15.9-17.0 m?haforthe mangroves
of Gazi Bay in Kenya and Trettin et al. (2016)
reported N of 2000 and G of 14-41 m? ha'
from the Zambezi Delta in Mozambique.
Similarly, R. mucronata has been reported
to be the most important species in many
stands across the region, reported to be the
most dominant in all the major mangrove
countries of the region (Bosire et al., 2016).

The presence of many trees of diameter class
0-5 for the 3 mangrove blocks of Mkinga,
Tanga and Pangani shows that the forests

are growing apart from being faced by high
level of illegal harvesting (figure 4). This is
supported by the observed values of high
mangrove forest density, particularly for
Tanga block with over 4,000 stems ha*and the
average density of over 2,000 stems ha™ This
is characteristic to naturally recovering forests
that exhibit many trees of small diameter and
few trees of large diameter. Based on the
diameter class distribution provided by the
forest regulations for harvesting purposes
(Table 5), and the fact that the average
trees per hectare for diameter class Ill and
IV were generally greater than that of class
I and Il (figure 4), further explain the overall
ability of the surveyed forest to self-sustain
if management prescriptions are adequately
enforced. The pole size of diameter class
I and IV are also the most demanded
for common local and commercial uses,
particular for traditional house construction.
While large trees of diameter 35-40cm and
above (especially Xylocarpus granatum) are
preferred for timber and therefore most
targeted for pit sawing. Unlike in other areas,
Pangani Estuary mangroves had most of large
X. granatum tree intact, which may possibly
be linked to high level of security in the area
which is close to Pangani town.

Table 5. Number of classes according to
market demand

No | Class category Diameter class
incm

I 15-20

Il 10-14.9

5-9.9

\Y; Less than 5

HITWIN |-

Occurrence of many of the mangrove
stands in the three blocks in the settings of
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lagoon mangroves formed in and around
semi-enclosed bodies of water that receive
seasonal freshwater delivery support
ecological integrity. This natural orientation
of the mangroves of these blocks supported
by a number of small river estuaries like those
of Ngole, Zigi, Kirare Mkinga and Tanga, and
Kipumbwi-Sange in Pangani, is supposedly
coupled by the governance push through
the excellent conservation measures done
by the Mangrove Management Project
(1994/95 to 2005/2006) that to a large
extent addressed the indiscriminate cutting
of mangrove trees for salt making (boiling of
brine water and solar salt evaporation pans)
and other unsustainable and environmentally

unfriendly uses.

Even though the total mangrove area for
Mkinga is about 4 times that of Pangani, the
basal area for Mkinga block mangroves is far
less than that of Pangani. Luxurious growth
of Xylocarpus granatum 3.09 m? ha' and
Avicennia marina 3.72 m*ha* along Pangani
river banks has significantly contributed in the
high value of overall basal area (13.32 m?ha-
1). This is associated to the fact that Pangani
mangroves are riverine, similar to those of
the Rufiji Delta that favours well developed
mangroves due to ecological balancing of
sediment accretion and freshwater supply
(Mitzlaff, 1991). This is reflected in the largest
volume of 86.0 m® ha? observed in Pangani
block, largely contributed by luxurious growth
of Avicennia marina (26.36 m3 ha?) and
Xylocarpus granatum (21.95 m3ha?) in the
Pangani Estuary. The results presented here
are generally comparable to those reported
from Rufiji Delta, which is reported to have
a growing stock of 4727 stems ha?, basal
area of 18.12+1.45m’ha'and volume of
140.09 + 14.54 m3ha™ (URT, 2020) and Kilwa
block wich is reported to have a growing stock

of 7,738 + 305 stems ha?, basal area 14.23 +
0.3 m?hatand volume of 79.96 + 0.79 m3ha
(URT 2019).

CONCLUSION

The findings of this resource assessment
suggest that the mangrove forests in
the three surveyed blocks are in a good
recovering pattern and can self sustain if
appropriate management prescriptions are
put in place and adequately enforced. High
density of trees of diameter class 0-5 (poles
class 1V) may support issuance of harvesting
permits for only class IV poles with strict
control measures, including development
of local harvesting plan that defines the
actual allowable cut under selective cutting
and rotation cycles (figure 4). However, at
present Mkinga district is implementing an
initiative “Tanzania and Kenya Transboundary
Marine Conservation Area (TBCA)”. One of
the outputs of the initiative is to enable the
coastal communities benefit from carbon
trade out of sustainable conservation of
mangrove and sea grass ecosystems (Climate
Champions, 2022, ATIENOSS., 2022). Thisissue
entails total conservation of mangroves not
only in Mkinga district but also in Tanga and
Pangani mangrove areas because there are
also prospecting for implementing the same
carbon projects in the remaining districts. In
addition, harvesting should not be conducted
blocks
research findings show that mangrove forest

in Tanga and Pangani because
density for the Tanga block is characteristic
to naturally recovering forests following
persistent illegal harvesting and that Pangani
block continue to have the lowest mangrove
area coverage with the highest concentration
and luxurious growth of mangroves being
protective mangroves along Pangani and

Msangazi river banks. There are also a
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number of threats facing mangroves of these
areas including oil and heavy metal pollution,
pests and diseases, excessive siltation as well
as natural threats.

Since the overall forest management for the
three blocks has for years been based on
outdated and unreliable data and information
due to inadequate collection, analysis,
interpretation, dissemination, storage and
updating of forest resource information as
well as inadequate application of indigenous
knowledge in mangrove forest resources
management, the findings from the present
resource assessment will help to develop and
update mangrove forest management plans
in mangrove areas of Mkinga, Tanga and
Pangani blocks.
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ABSTRACT

The study was conducted at Mkomazi National Park in Northern Tanzania on June 2021.
Thestudy aimed to assess the behavioral responses of elephants on deployment of drone.
Since elephants are the main sources of human elephant conflicts, there is a need to devise
mitigation methods that are safe, efficient and accurate, but yet not overly painful for the
elephants. Drones are gradually more being used recreationally, commercially and for wildlife
research, but very few studies have quantified the behavioral responses of elephants to drone
deployment. This study demonstrated drone application as a potential tool for mitigating human
— elephant conflict, using this technology to observe behavioral responses of elephants. Field
work was conducted using the DJI Mavic air 2 drone, where drone was flown at constant
height and varied horizontal distances towards individual or groups of elephants. Elephants
responded by displaying different behaviors such as ear flipping, trumpeting, charging, running
and still standing. The Generalized Linear Model and Pearson-chi square was used to test
the differences in behavioral responses to drone deployment. It was shown that deployment of
drones was effective in eliciting running to elephant individual or in groups at distances of up to
200m, and that longer running distances were correlated with closer approaches of drone. Age
and sex differences had no apparent effects on the behavioral responses. It is concluded that use
of drones can be a useful tool for mitigating human elephant conflicts.

Keywords: Behavioral responses, drone deployment, elephants, human elephant conflicts
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INTRODUCTION

Elephants are the largest living land animals,
which are characterized by their extended
trunks (Lengthened upper lips and nose),
columnar legs, and huge heads with temporal
glands and wide, flat ears. Elephants are
grayish to brown in color, and their body hair
is sparse and coarse. They are considered as
ecosystem engineers and umbrella species
due to their acts of modifying their habitats
by rearranging successions of forested
habitats to grassland, digging holes to access
water in time of droughts and spreading the
propagules of numerous plant species. They
are mostly found in savannas, grasslands, and
forests but occupy a wide range of habitats,
including deserts, swampand highlands in
tropical and subtropical regions of Africa and
Asia. There are two genera of living elephants
(order proboscides, family Elephantidae),
which are Asian elephant (Elephas) and
the African elephant (Loxodonta) (Sukumar,
2003).

The sub-Saharan region of Africa is estimated
to have 500,000 elephants, in 37 range
countries. African elephants consist of forest
and savanna subspecies, which are both
endangered. African savanna elephants are
categorized by IUCN red list of threatened
species as critically endangered while
African forest elephants are categorized as
endangered. This is due to severe poaching

and habitat loss.

Human elephant interaction is the one
of the foremost challenges facing the
management of protected areas in both
Africa and Asia (Mace et al., 2018). This
is due to increased human population

which has escalated the interaction between
elephants and people, particularly in areas
adjacent protected areas (Acharya et al,
2011). Many incidents of human kills and
crop damage by elephants have taken place
in Tanzania and in many other countries.

There are several mitigation strategies that
have been applied to minimize the negative
impacts caused by elephants. They include
fencing, which has been associated with
potential negative effects on wildlife such as
blocking of migratory routes (Sutherland et
al., 2017). Use of chilies

(Osborn & Parker, 2002) and use of bees (Cook
et al., 2018) are alternative approaches for
deterring elephants. Recently, drones appear
to offer a flexible, accurate and affordable
solution to some of the technical challenges
in conservation of natural resources (Chabot
& Bird 2015; Linchant et al.,2013). Different
studies have shown that deployment of
drones are useful in a variety of wildlife
management situations such as population
surveys (Chabot & Bird 2015), wildfires
tracking (Jones et al 2006) and elephant
population and ecological monitoring,
respectively (Lejeune et al., 2013): Mangewa
et al,, 2019) and in anti-poaching efforts
(Mulero-Pazmany et al., 2014). In part, this
because drones have increasingly become
widely available and affordable. This study
aims to explore the behavioral responses
of elephants on drone stimuli as a proxy for

mitigating human elephant conflicts.

Crop damage by elephants is the most
prevalent form of Human elephant conflicts
(Davies et al., 2011). Such damage affects the
rural farmer’s livelihood and deepens poverty.
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There is therefore a need to devise mitigation
methods that are safe, efficient and accurate,
but yet not overly painful for the elephants.
Currently, provision of conservation education
to local communities and physical deterrence
of elephants with vehicles and guns are
the main techniques in Tanzania. However,
these have limited success, as they are
costly and time consuming. This failure
has led to an escalation of human elephant
conflicts. Deployment of drones could provide

an alternative solution to the problem.

Drones are a promising conservation tool
in many aspects, including elephant human
conflict mitigation. Few studies have focused
on drone deployment to assess behavioral
responses of elephants see e.g. (Bennitt
et al. 2019: De 2021). These studies show
that elephants variably respond to drone
deployment. Such initial indications call
for further testing especially in rural areas
overwhelmed by human elephant conflicts
as part of the human-elephant conflict
mitigation measures for wildlife managers
and communities dealing with high levels

of conflicts with wildlife.

The main objective of this study was to
assess the contribution of drones as a
potential tool for mitigating human elephant
conflicts with three specific objectives
which were to i) assess the age dependent
behavioral responses of elephants to field
deployment of drone; determine the sex
specific behavioral responses of elephants
towards field deployment of drone and
determine the behavioral response of group

elephants to field deployment of drone.

MATERIALS AND METHODS

Study area

The study was conducted in Mkomazi National
Park, which is located in northeastern in
Tanzania and it is contiguous with Kenya’s
Tsavo West National Park. It covers about
3500 kilometers

square, and is a unique protected area in
Tanzania with large and visible populations
of the rare Gerenuk and Beisa Oryx. It
is dominated by Acacia commiphora
vegetation. The Park has a semi- arid climate
with a bimodal rainfall distribution pattern,
and is one of the richest savannahs in Africa
in terms of rare and endemic flora and fauna,
evidenced by the presence of wild dogs and
black rhinos. The Park was established in
1951 as a Game Reserve and upgraded to a
National Park in 2006.

Drone specifications and operating
procedures

A DJI Mavic air 2 (DJI, China), drone was used
to collect data with technical specifications
shown in Table 1. Survey was done for 2 days
in areas overwhelmed by human elephants
conflicts. The drone was flown horizontally
at 5 m per second (m/s) directly towards the
located elephants at predetermined distance
intervals (<10 meters, 10<40 m, 50<90 m and
>90 meters). At all distance behavioral
responses were observed and recorded
in a standard data sheet. All flights
were conducted using the DJI Go 4 flight
app, and all recordings were occurred
between a height range of 10-15m (in open
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Figure 1. Study area, Mkomazi National Park

grassland and open woodland) and 75-90m
(in forest area). The equipment requires
no rigorous previous operating experience
with
flying can be learned within a few hours of

remotely controlled drones. Basic
practicing (Lorah et al.2018). Operators had
three (3) years of basic experiences in flying
drones. Prior to actual data collection, three
trials were attempted in order to calibrate the
equipment. No consistent drone flights have
been tested at Mkomazi National Park prior
to this study; so that the behavioral responses
of the elephants to the drone were not biased

by previous experiences.

Study design and sampling procedure

Purposive sampling was used (Fig.2) based on
reported/encountered elephant cases during

patrols. When elephants were encountered,
distance from vehicle were estimated (in
meters) by using rangefinder (Bushnell ©,
Laser range finder), their numbers and age-
sex structure (juvenile, young and adults)
recorded. When the elephants were in
groups, distances from the centre of the
group to the respective reference point of
the vehicle were estimated. Thereafter, a
drone hovered on the groups or individual
elephants in a standardized way. Sampling
frequency depended on sightability but
attempts were made to survey at least
10
behavioural responses; when an elephant

elephants groups. For individual

was encountered, its age, sex and the
distances from vehicle or patrol group were
also recorded, followed by drone flying in a

similar manner to that of the group.
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Table 1. Drone specifications

Item description

Technical specifications

Types of drone Four rotored helicopter
Image resolution 12 Megapixel

Video resolution 2K

Maximum flight time (no wind) 21 Minutes

Maximum hovering time (no wind) 20 Minutes

Maximum flight distances (no wind)
Operating temperature

Control operating frequency

10 kilometers
0-40 centigrade

2.400- 2.4835 GHz

4m/s (S- Mode), 2m/s (P- Mode)

Maximum ascent speed

and 2m/s (Wi-Fi mode)
3m/s (S- Mode), 1.5m/s (P- Mode) and1m/s (WiFi

Maximum descent speed

mode)
GNSS GLONASS +GPS
Maximum wind resistance 29-38 Kph
Video transmission system app DJIGO 4
Battery 2970mAh
Take-off weight 430g

Data collection

Behavioral sampling

Behavioral responses to drone deployment
were observed directly. This research
primarily focused on reducing human-
elephant conflicts by repelling individual

elephants from potential farm areas.

Therefore, their movement patterns or other
behavioral response following deployment
of drones were carefully observed. Primary

interest was whether they will flee (and
at what distance) or remain still. Other
expected behavioral responses include
ignoring the drone, feeding, making noise,
and charging toward the vehicle or patrol
group. These and any other behavioral
responses following drone deployment were
directly recorded in the field. The estimated
distance from vehicles to elephants, age
and sex structure of elephants, number of
elephants, estimated fleeing distances and

other behavioral reactions of elephant were
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all recorded. Distance from individuals or
group of elephants to the patrol vehicle was
directly measured in meters using a range
finder, and was taken as an independent
factor, while behavioral responses were
taken as dependent variables. Detailed
notes and observations were made
associated with each drone flight;
information was collected on date, time,
behavioral responses, coordinates, estimate
distancesfrom vehicle to elephants, running
distances, flight duration, type of habitats,
drone height, distances from elephants to
drone and remarks. All these data were
recorded on a standard data sheet.

Data analysis

Data collected from the field were entered in
Microsoft Excel datasheets. Statisticalanalyses
were undertaken in the R environment and
SPSS software Version 20. Statistical analyses
employed Generalized Linear Model (GLM)
in the R environment and chi- square using
SPSS software Version 20. Analyses were
carried out to explore behavioral differences

displayed by individual or group elephants
in response to drone deployment distance.
Chi-square test (x?) was used to test the
differences in frequency of individual or group
elephants behaviors, while the Generalized
Linear Model was used to determine the
correlation of elephant running distances and
drone approach.

RESULTS

Distribution of individual elephants

A total of seven individual elephants were
assessed in the field of which 6 elephants
were outside the park and 1 elephant within
the park (Fig. 3).

Distribution of elephant group

A total number of 10 elephant groups were
assessed in the field where by 3 groups were
within the park and the rest were outside the
park (Fig. 4).
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Figure 4. Sightings of sampled group of elephants

Behavioral responses of individual elephants
Age-related responses

A total number of seven individual elephants were assessed in the field composing of five
adults and two juveniles. About 2 and 1/2 as much as adults reacted to deployment of drone.
However, there were no age specific significant differences related to behavioral responses
(n=28; X2= 3.50; p= 0.62; n.s.). This implies that the age of individual elephants did not
account for behavioral differences in responding to drone deployment.
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Sex-related responses

A total of seven individual elephants composing of six males and one female were observed.
About 85.6% of all displayed behaviors comprised of running, aggression and still standing as
summarized in the Table 2 below. There were no significant sex specific differences in terms of
these behavioral responses (n=28; X?= 3.5; p= 0.62; n.s.) this entails that the sex of elephant was
not a reason for them to react differently in response to drone deployment.

Table2. Sex specific behavioral responses of individual elephants (Figure are in %)

Behavioral responses Sex Total
Male Female

Still standing 83.3 16.7 100
Trumpeting 100 0 100
Aggressive 66.7 33.3 100
Running 83.3 16.7 100
Ear flipping 100 0% 100
Walking 100 0 100

Sex-specific related fleeing

There was no sex related significant differences related to fleeing distance (n=28; X?= 6.62; p=
0.36; n.s.) This implies that the sex of individual elephants was also not a reason for them not
to flee in response to drone deployment.

Drone approach related to fleeing distance of individual elephants

Drone approach were correlated to fleeing distances of individual elephants, significant difference
emerged (n=6; X*>= 6. p= 0.01; Fig 5). This implies that fleeing of individual elephants were
stimulated by drone approach. The more the drone approached the elephants, the further they
run away. For instance, when the drone was hovering on elephants, it ran 200m while when the
drone it was 20 m from the elephants it ran about 60m only.

Behavioral responses by elephants group

Elephant groups related

Ten groups were recorded from three habitats (open woodland, open grassland and forest area)
at different distances and at different drone height according to the nature of habitat this was
to ensure the safety of drone. About 80% of all displayed behaviors within groups comprised
of running, aggression and still standing as has been summarized in the Table 3 below. There
were no significant differences between drone approaching distances and behavioral displays of
elephant group (n=40; X?>= 195.7; p= 0.2; n.s.) this implies that elephant groups were differently
responding to the drone depending on how far the drone was.
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Table 3. Behavioral responses of elephants group

Behavioral responses Frequency %
Still standing 8 20
Ear flipping 11 27.5
Running 9 22.5
Aggressive 4 10
Trumpeting 7 17.5
Walking 1 2.5
Total 40 100
Drone approach related to fleeing distances 250 -
of elephants group PN
é 200
Q
§ 150 |- L
A total number of 10 elephants group ® o ®
©
were assessed in the field. About 90% of o " ¢ $
elephants group responded to fleeing and g % '
the remaining percent elephant group was o

not responded to running when the drone
was flown to them. There were no significant
differences between drone approach and
fleeing distances (n=10; SE=1.96; p=0.22; n.s.
R2Linear 1.096E%) this implies that there was
no relationship between drone approach
and fleeing distances but it seems like
there is little relationship because fleeing
of elephants were stimulated by drone
approach when the drone was coming closer
to them (see Fig 6 below).

Magnitude of fleeing by elephants in
response to drone deployment

The sample size of 10 elephant groups
and 7 individual elephants were assessed;
generally, it shows that the magnitude of
fleeing by elephant group was 85.51meters
and 90 meters by individual elephants.
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Figure 5. Relationship between drone
approach and elephant fleeing distance
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Figure 6. Drone approach related to fleeing
distance

Table 4. Fleeing distances (m) by elephants in
response to drone deployment

Elephants | Max Mean SD

Individuals [ 200 90 26.91
Group 200 85.51 27.30
Combined | 200 87.67 | 26.31
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